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ABSTRACT
Genetic variances estimates were obtained for ten traits of the 
Louisiana sugarcane breeding population. The variances and resulting 
statistics were derived from a population of three offspring each from 
AO biparental crosses of 28 elite parents. The offspring and their 
parents were grown in replicated tests in five environments 
(year-location combinations). Narrow and broad-sense heritabilities, 
genetic correlations, genetic coefficients of variation and genetic gain 
estimates were estimated. To represent clonal populations in different 
stages of selection, the population was divided into three 
subpopulations: offspring, noncommercial parents and commercial parents. 
For each subpopulation, the genotype x environment (GE) variation was 
partitioned into genotype x year, genotype x location and genotype x 
year x location components. Genotypic and phenotypic path analyses were 
also performed for each population for sucrose yield, cane yield, 
sucrose concentration and stalk weight.
Nonadditive genetic variance predominately determined genotype. 
The results suggested the most effective cross performance prediction 
would be derived from the progeny performance of specific biparental 
crosses.
Genetic variances diminished with selection. GE variance and its 
relative importance to genetic variance estimates fluctuated with the 
trait and population but at times was substantial. It was suggested 
selection for increased genotypic stability, in the sense of reduced GE 
variances, would be not effective without better delineation of the 
specific environments interacting with specific genotypes. Broad sense
and phenotypic correlations were generally concordant and positive. In 
several circumstances additive genetic correlations were stronger and 
occasionally of different sign than the broad-sense genetic and 
phenotypic correlations. It was hypothesized that the disparity betw^an 
correlation estimates likely resulted from use of nonrandomly mated 
elite parents. Although estimation assumptions were not classically 
upheld, the relationships were between relatives of interest and of 
populations specific to the sugarcane breeding program. Cane yield was 
the major determining influence on sucrose yield and was not affected by 
population. The relationship among stalk weight, stalk diameter, stalk 
number and stalk density strengthened with selection and in one case 
turned negative in sign.
INTRODUCTION AND LITERATURE REVIEW 
The goal of all plant breeding programs is to generate genetically 
improved varieties. In terms of ensuing genetic manipulations, the 
nature of the trait is of little relevance. Genetically, the traits are 
generally partitioned into either simply inherited qualitative traits or 
more complex inherited quantitative traits. Many economically important 
characters are quantitatively inherited.
Since the actual number and specific influence of individual genes 
conditioning a quantitatively inherited trait is rarely known, 
statistical models have been developed to describe and predict trait 
behavior and interrelations with other characters in a given population 
and set of environments. The usual genetic model:
P = G + E + GE
partitions the observed phenotypic value (P) in linear fashion into 
genetic (G), environmental (E) and genotype by environment (GE) 
interaction terms (Falconer, 1981). The genetic influences may be
further partitioned into additive, dominance and epistatic terms:
G = A + D + I.
The additive parameter (A) is the sum of additive effects at all loci,
the dominance parameter (D) refers to the sum of the intra-locus
interaction effects and the epistatic term (I) represents the sum of all 
inter-loci interaction effects.
A common objective of most quantitative genetic experiments is to 
measure the variance of these parameters. These variances and 
covariances may be used to decide if there is sufficient genetic
variability in the population, what is the most efficient breeding and 
testing methodology over years and locations for identifying the best
1
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genotypes, and to discern differences between traits in their response 
to these procedures (Dudley and Moll, 1969). The preceding decisions 
are based upon the estimated variances and covariances, and a number of 
derived statistics. One of the most useful genetic statistics is the 
heritability.
"Heritability in the narrow-sense" (h2) was defined by Lush (1937) 
as the ratio of the additive variance (o 2) to the phenotypic variance
SL
(°p2)
h2 = a2 /a2 . a p
He defined "heritability in the broad-sense" (g2) as the ratio of the 
total genetic variance (a 2) to the phenotypic variance
g2 = a2 / a 2 .8 P
Understanding heritability estimates requires knowledge of the type 
of genetic variability used, the experimental units considered and the 
assumed inference population (Hanson, 1963; Jacquard, 1983). The type 
of genetic variability refers to the additive or total genetic variance 
used in the numerator of the heritability estimate. The experimental 
unit may be an individual plant, an unreplicated plot or a replicated 
(possibly over years and locations) plot basis. Heritability estimates 
in animal genetics always refer to the individual as the experimental 
unit. The inferred population is the population of genotypes and a set 
of environments for which the heritability is applicable.
A number of methods have been developed to estimate heritabilities 
using relationships between relatives (Falconer, 1981). Lush (1940) 
showed how the regression coefficient of an offspring value on a parent 
value could be to an estimate heritability. He demonstrated that the 
regression coefficient of an offspring value on a parent value was equal
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to |cr^Vo^2. The regression of the offspring value on the midparent 
value equaled the narrow-sense heritability (Falconer, 1981) where:
h2 = |a 2/|a 2 = o 2/a 2. a p a p
The h2, a * and o^2 were as previously defined. For a given population 
size, the latter method commonly yields the more accurate heritability 
estimate since the standard error of the regression coefficient need not 
be multiplied to obtain a standard error estimate of the heritability 
(Falconer, 1981).
Other methods to obtain heritability estimates include the use of a 
diallel design. The diallel was developed for inbred lines. The design 
involves crossing a set of parents among themselves in all possible 
ways. A complete diallel includes the parents, one set of F^ crosses 
and the reciprocal crosses. To use the diallel with non-inbred lines 
one replaces the parents with selfs. Griffing (1956a, 1956b) recognized 
and provided methods of analysis for the full diallel and three partial 
(incomplete) diallels. There has been some discussion on the utility of 
diallel crossing systems and analysis as it applies to plant breeding 
(Gilbert, 1958; Kempthorne 1957) with most difficulties centering on the 
assumptions of the use of unselected inbred genotypes as parents. These 
difficulties have for the most part been refuted or generalized for 
non-inbred parents (Johnson, 1963; Dickinson and Jinks, 1956).
Estimation of the broad-sense heritability may be calculated in
clonally propagated crops by comparison of the clones (Burton and
DeVane, 1953). The variance component attributable to clonal variation
is equated to the full genetic variance (a 2). Variance components ofS
genotype x environment interaction (o 2) and the error (a 2) are summed 
with the a 2 to yield the phenotypic variance where:s
4
a 2 = a 2 + a 2/e + a 2/re. p g ge e
The parameters °p2> CTg2’ °ge2 an^ °e2 are as Previ°usly defined, e is 
the number of environments (years and locations) tested and r is the 
number of replications used in an environment. Broad sense 
heritability, referred to as the coefficient of genetic determination 
(g2) by Falconer (1981), may be considered an upper limit to the 
narrow-sense heritability and may be used to calculate gains from 
selection of clonally propagated genotypes (Hanson, 1963).
Heritabilities indicate for a given trait the degree of genetic 
control and the fidelity of a phenotypic observation to represent its 
genotypic value. Their usefulness to the breeder is in the 
determination of the expected genetic gain to be made from selection. 
The expected gain from selection (GA) per generation is:
GA = ih2oP
where i is the standardized selection differential, h2 is as previously 
defined and is the phenotypic standard error (Allard, 1960; Falconer 
1981). Thus the gain to be made from selection is a function of three 
parameters, the intensity of selection, the heritability and the amount 
of variability in the population. Since the heritability can be 
modified by the testing scheme applied (number of environments and 
replications; Hanson, 1963), the expected gain from selection may be 
used to compare the efficiency of various selection systems (Sprague and 
Federer, 1951; Fehr, 1987).
One of the objectives of many initial breeding experiments is 
appraisal of the genetic variability present in a population. Genetic 
variances perse are without a reference point and are difficult to 
compare among traits due to different units of measure. The genetic
5
coefficient of variation (GCV = o /mean or ACV = a /mean) gives ag a
unitless and comparable measure of the genetic variability. This 
statistic has been used by some authors to estimate the genetic 
variability in their populations (Burton and DeVane, 1953; Comstock et 
al.,1958; Gandhi et al., 1964; Hogarth 1971a).
Breeders frequently select several traits and commonly these traits 
are not independently inherited. Genetic correlations give a measure of 
the genetic relationship between traits. They may be useful in 
selecting difficult to measure traits by selecting on a genetically 
related but more easily measured trait, assuming such a combination of 
traits exist in the species. Searle (1965) discussed such indirect 
selection. The genetic correlation (r ) is calculated as:s
r = a , . . v / ( o . a . )8 gUj) gi gJ
where o , .  . >. is the genetic covariance of traits i and i, a . is theg(ij) J gi
genetic standard deviation of trait i and a . is the genetic standardg J
deviation of trait j.
The genetic relationship of traits may be further explored by the 
use of path analysis. This method was developed by Sewell Wright (1921,
1934) and later used by Dewey and Lu (1959) and Li (1975). The
technique requires a biological hypothesis of cause and effect to be 
defined in a mathematically linear fashion (Sidwell et al., 1976). Path 
analysis partitions the correlation between the dependent variable and 
the independent variable into effects directly (independently)
attributable to a particular trait and indirect effects due to common
association of the independent and dependant traits with other
characters. The technique not only gives the investigator an
understanding of the relationship between traits but also a method to
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compare the relative importance certain characters have in influencing a 
dependent character.
Estimations of quantitative genetic parameters are based on 
assumptions that vary with the assumed model. Common to many 
quantitative genetic estimates are the assumptions of diploid 
inheritance, random mating, random choice of parents and offspring, no 
differences between reciprocal crosses, no epistasis and linkage 
equilibrium (Cockerham 1963).
The assumption of diploid inheritance may be invalid in several 
crops. Griffing (1963) noted the usual relationships between combining 
ability and covariances among relatives are maintained in polyploids but 
the genetic interpretation of these covariances is a function of the 
level of polyploidy. The assumption of linkage equilibrium is difficult 
to demonstrate and not likely met in most breeding programs. Cockerham 
(1963) commented that linkage disequilibrium affects the covariance of 
relatives but that it affects only the coefficients of the epistatic 
components. These coefficients are increased by an inverse function of 
the recombination values. In plants, significant reciprocal effects are 
typically assumed to be due to cytoplasmic inheritance, self pollination 
or parthenocarpy. Reciprocal effects in plants are commonly assumed 
equal to zero.
Genotype x environment interaction may contribute considerable bias 
to estimates if not taken into account. Comstock (1955) demonstrated 
genetic variance estimates obtained from an experiment conducted in a 
single environment have the genotype x environment interaction (GE) 
variance completely confounded in the estimate. Casler (1982) showed 
parent-offspring regression estimates of heritability may be biased by
7
GE unless replicated over environments. Comstock and Moll (1963) 
discussed the problems GE can cause in the appraisal of varieties while 
Sprague and Federer (1951) demonstrated ways to use various GE variances 
in developing more efficient testing methodologies.
Quantitative inheritance studies in sugarcane
Sugarcane (Saccharum sp.) is a clonally propagated crop of complex 
interspecific origin. Price (1963) remarked that modern sugarcane 
varieties may have resulted from crosses of as many as four species. He 
observed modern sugarcane chromosomal numbers were high with aneuploidy 
relatively common. He cautioned the reports of aneuploidy may be 
upwardly biased due to the large number of chromosomes and the small, 
viscous nature of the chromosomes. Bremer (1961) and Price (1963) 
commented that although the level of aneuploidy was considerable, large 
numbers of bivalents at meiosis were common. Price concluded the
cytogenetic nature of sugarcane approached allopolyploidy.
Brown et al. (1968) and Hogarth (1968, 1971a) suggested most if not 
all the common assumptions, except for the absence of reciprocal
effects, may be invalid in sugarcane. Hogarth (1977) pursued these
suggestions and concluded that epistasis was important for stalk weight 
but in no other character. He further suggested that although all the 
assumptions of quantitative genetic estimation may not be valid in 
sugarcane, violation of these assumptions would probably not lead to 
gross errors in estimation.
Sugarcane studies leading to estimates of genetic variances, 
covariances and resulting statistics such as heritabilities and 
correlations have been performed on diverse genetic material and
environments. Owing to the diversity of the experimental units used,
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methods of calculation and to facilitate comparison, heritabilities have 
been compiled for selected traits in table 1. Genetic correlation 
estimates are compiled in table 2.
Brown et al. (1968, 1969) analyzed three offspring from 47 crosses 
using a diverse parental base of 27 male fertile genotypes and 47 
genotypes used as females. The study was performed in one Fijian 
location using three offspring of each cross from a mildly selected 
progeny population. Working with single row plots (1.8m long) and three 
replicates of each genotype, they investigated 42 characteristics of 
sugarcane. Their genetic analysis obtained full sib genetic and 
broad-sense genetic estimates of heritabilities and genetic 
correlations.
They concluded parthenocarpy and accidental selfing were rare in 
their population. The potential bias to genetic variance estimates 
resulting from use of selected parents, disassortative mating and 
irregular transmission of unpaired chromosomes was considered sufficient 
explanation for the disparity between narrow-sense heritability and 
clonal repeatability estimates. They reported close correspondence 
between genetic correlations and clonal correlations. The authors 
observed a variety of genetic relationships they felt could only result 
from partial retention of original parent species associations. They 
considered this evidence that whole chromosomes from the wild species 
were transmitted intact with little possibility of exchange with 
Saccharum officinarum.
Cesnik and Vencovsky (1974) performed a broad-sense genetic 
analysis at two Brazilian locations using five half sib families with 
unknown paternal heritage. They estimated heritabilities, genetic
9
Table 1. Selected heritabilities determination reported for sugarcane. and coefficients of genetic
Trait Source Single plant 
h2 basis g2 V
Plot mean „ basis h2 g2 hf2




,30 .48 ,06 .12 .81,86
Canevolume af
j






.05 .13 .31.20 .31.51
.52
,70 .82.96












































;le plant jasis 
g hf 2
Plot mean basis h2 g2 hf2
Replicated§ plot mean basis h2 g2 hf2
Brix a .52 .42b .52c .32d .27 .58 .42 .41 .88 .84 .94 .96 .94e .50 .53f .21 .27 .40 .67 .53h .88i .92
Sucrose h .94i .93
j .40Purity h .90
j .33
Stalk a .01 .07density j .07
hj:2 Heritability based upon full sib genetic variance.
§ Estimates have been calculated with varying replications and 
environmental combinations, 
a Brown et al., 1969. 
b Cesnick and Vencovsky, 1974.
c George, 1965 (average of four within location estimates), 
d Hogarth, 1971 (from expt. 1 except for length which was from expt. 2). 
e Hogarth, 1977 (over plantcane and first ratoon crops), 
f Hogarth et al., 1981 (for replicated plot mean basis reported
parent-offspring estimate, for h2 on a plot mean basis reported the 
unreplicated family mean estimate and for both h2 and g2 reported the 
progeny estimate), 
g Hogarth and Cross, 1987 (family mean basis reported as plot mean 
basis). 
h Kang et al., 1983.
i Kang et al., 1984 (average of plantcane and first ratoon crops over 
locations.
j Mariotti, 1974 (average of three within location estimates).
Table 2. Reported broad sense genetic correlations for selected sugarcane traits.
source Caneyield Sucroseconc. Stalkno. Stalkwt. Stalk Stalk length dia. Brix Sucrose Juice Stks/ purity stool CSarea Fiber Stalkvol.
Sucrose a .88 -.02yield d .77 .54 '.21 I'45 123 106 149 154 \w i •
Cane a .81 .76 -.08 .57 .99yield d -!09 .31 155 .22 119 -102 -.*08 - r 13
Sucrose a -.78 .99 .99 .88 -.76conc. d -.04 -102 ! 07 -!l8 .82 .99 .94
Stalk a .51 -.79 -.59 .90number d -!41 -.06 -147 -.003 -!04 -!06
Stalk b .73 .92 .19 -.41weight c .33 .22d .50 168 -.03 -!02 -i03
Stalk a -.16 -.29 .40length b 155 -.26 !41c .89 .54d 128 .03 106 !08
Stalk adiameter b 139 -1112d -.14 118 -119
Brix a .52 -.80b ‘ 12c .44d 189 !59
Sucrose d .89
Fiber a • -.93
a Brown et al., 1969. b Cesnik and Vencovsky, 1974. c Hogarth, 1971. d Kang et al., 1983.
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correlations, expected responses to selection and correlated response 
estimates for eight traits. Their expected response to selection was 
incorrectly calculated as the product of the heritability and the 
selection intensity. Details concerning the number of offspring per 
cross and the number of replications used per location were not provided 
in the paper.
George (1962) investigated the effect of different environments on 
the expression of sugarcane traits. The progeny of six crosses were 
planted in four environmentally contrasting locations in Mauritius. 
Genotype x location interaction mean squares, broad-sense heritabilities 
and phenotypic correlations were calculated. Of the thirteen characters 
investigated all but stalk density showed substantial genotype x 
location interaction. Broad sense heritabilities calculated for each 
location varied, particularly for brix and grade, and less so for length 
and stalk number. The heritability of stalk diameter was the most 
consistent of all the traits studied.
Hogarth (1971a, 1971b) conducted two experiments with the intent of 
measuring quantitative genetic parameters. His first experiment used 
progeny from 33 biparental crosses with an unreported number of parents. 
Three replicates of each cross with 24 seedlings per plot were planted 
at one Queensland, Australia location. His second experiment used a 
three by three factorial design with three genotypes designated females 
and three genotypes designated males. The parents and 36 progeny from 
each cross were planted together in a balanced lattice design at the 
same location as experiment one. Depending on the experiment, he worked 
with up to seven traits. He calculated additive, dominance, full-sib 
genetic and broad-sense genetic variances obtained through a combination
13
parent-off spring, half sib and full sib family relationships. From 
these variances he calculated narrow-sense, full-sib and broad-sense 
heritabilities on a single plant, plot mean and replicated plot mean 
basis. He also reported broad-sense genetic, environmental and 
phenotypic correlations in addition to a combination of predicted 
responses to selection. The effect of competition was also 
investigated.
Hogarth (1971a) preferred the factorial design in experiment two 
over the first experiment's design and since neither design could 
estimate epistasis he assumed it zero. He reported additive genetic 
variation played a more important genetic role than dominance for most 
characters.
A third investigation by Hogarth (1977) pursued measuring the role 
of epistasis and competition in Australian sugarcane in addition to the 
validity of other genetic assumptions in the estimation of genetic
variance components. This work was based on 42 crosses originating from 
a 6 x 7 factorial design. The test used 28 progeny and 10 of the
parents planted in a 7 x 8 simple lattice design in plots 2.3m long. 
Data were obtained for both plantcane and first ratoon crops. Working 
with four traits, Hogarth estimated additive variance values from both 
the midparent-offspring covariance and half sib progeny analysis. He 
also obtained two estimates of broad-sense genetic variance (1) using 
variance components from the factorial crossing arrangement and (2) from 
the variation among the clones. Comparison of the two estimates of 
additive variance and full genetic variance were used to draw
implications of the importance of epistasis and the validity of genetic
assumptions in estimation.
Hogarth (1977) found no evidence of maternal effects. Although 
standard errors were large, epistasis was important for only stalk 
weight. A low ratio of the two estimates of broad-sense genetic 
variance for cane yield suggested some genetic assumptions were 
violated. Hogarth was unsure what assumptions were violated and 
speculated the problem could be statistical due to the small sample 
size. The estimates for brix were considered the most accurate, Hogarth 
generally concluded, based upon the brix results, that classical 
quantitative genetic theory could be successfully used in sugarcane. He 
felt that although the genetic assumptions may not all be valid, 
violations would not lead to gross estimation errors.
Hogarth (1977) results showed the effect of competition was most 
intense for cane yield and much less so for sugar content. He 
considered competitive effects were mostly confounded with environmental 
effects and should have little or no effect on the estimation of genetic 
variance components.
A study by Hogarth et al. (1981) estimated genetic variances of 
five traits of a Hawaiian sugarcane population. The investigation used 
progeny from seven factorial crossing arrangements. Fifty parental 
clones were crossed in a five by five, two five by four, two four by 
four and two three by three factorial crossing arrangements. In the 
first test forty-eight progeny per cross were planted in a separate 
block from the parents. Using clonal material from this test, the 
progeny were planted together with 49 of the parents in one location in 
1976 and in another location in 1977. A similar analysis was employed 
as in Hogarth (1977); obtaining two estimates of additive and and full 
genetic variance in addition to estimates of dominance variance.
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For the most part, the two estimates of genetic variance were 
similar. Epistasis was not indicated but some violations of genetic 
assumptions were suggested. The estimates of additive and genetic 
variances were considered biased due to the highly selected nature of 
the parental clones. The additive proportion of the genetic variance of 
brix was found to be large. Additive proportions of the genetic 
variance for stalk diameter and stalk length were about equal to 
nonadditive variation while the genetic variance of stalk number was 
more nonadditive than additive. The authors considered general 
combining ability important enough to justify of the use of polycrosses 
in the Hawaiian sugarcane breeding program.
Miller (1977) performed a five parent partial diallel cross without 
parents or reciprocals. The study was performed in Florida on eight 
traits. Specific combining abilities were significant for all traits 
yet he found no significant general combining ability for any trait.
Hogarth and Cross (1987) measured the inheritance of fiber 
characteristics using a seven by eight factorial crossing system with 10 
progeny from each cross. They concluded fiber was for the most part 
additively inherited and had a moderately high heritability.
Kang et al. (1983) performed a genetic analysis on the progeny of 
two sugarcane crosses of four parents. A total of 105 clones were 
planted in large 6m x A row plots using three replications in one 
Florida location. Data were collected for nine traits from the 
plantcane, first and second ratoon crops. Cane and sucrose yield was 
estimated from both a ten stalk sample and a whole plot weight. Both 
broad-sense and phenotypic correlations in addition to broad-sense 
heritability estimates were calculated. Genetic and phenotypic path
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coefficient analysis was performed for cane and sucrose yield, and 
sucrose concentration. Expected genetic advance was also estimated for 
a range of selection intensities.
Genetic path analysis indicated plant height was less important 
than stalk diameter or stalk number in determining cane yield although 
phenotypically these components were considered equal in importance. 
Sucrose concentration exerted a larger direct effect on sucrose yield 
than cane yield. Reported heritabilities on a replicated plot mean 
basis over years were high ( > .77). Expected genetic advances were 
considered reasonably high for selection intensities greater than 30%. 
The genotypic and phenotypic correlations were strong enough between the
two estimates of cane and sucrose yield to warrant use of ten stalk
sample estimates for cane and sucrose yields.
Kang et al. (1983) measured the clonal and individual
repeatabilities of agronomic traits in sugarcane. They used 105 clones 
from stage 3 of the Florida Sugarcane Variety Development Program
planted replicated tests at four locations. The purpose of the study 
was to investigate the effect of genotype x environment interaction on 
the appraisal of sugarcane traits. The genetic, phenotypic and
environmental correlations of the same trait was estimated between 
locations and between crops. Estimates of genotype x location and
genotype x crop effects as well as broad-sense heritabilities within and 
over locations were calculated. Correlations and heritability estimates 
were affected by the locations compared or used in the estimate.
Repeatabilities between location of stalk number, germination, cane and 
sucrose yield were the most affected by location while stalk weight, 
brix, sucrose and sucrose concentration were less affected. The
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heritabilities of brix and stalk weight were more affected by locations 
than the other traits. Stalk number showed small crop x location 
effects while the other traits were more affected.
Mariotti (1974) investigated the role of environment on the 
effectiveness of selection in Argentina. One-hundred random clones from 
three crosses were planted in replicated trials in three contrasting 
locations. Phenotypic and genotypic coefficients of variation, and 
broad-sense heritabilities were estimated for each location. Phenotypic 
and genotypic repeatabilities between locations were also calculated. 
Genotype x location effects were evident for all traits, with stalk 
weight and diameter the least affected.
Examination of reported heritabilities (table 1) quickly indicates 
the wide ranging and highly variable estimates obtained. The use of 
different experimental units for the heritabilities further complicates 
comparison. There is some suggestion that brix and sucrose were more 
highly heritable than stalk weight or stalk length. The latter two 
traits may be more heritable than stalk diameter or stalk number. The 
results suggest sucrose concentration is more heritable than cane yield 
which is more heritable than sucrose yield.
Reports of genetic correlations for sugarcane were sparse (table 
2). There were no estimates of additive genetic correlations. Genetic 
correlation estimates were strong between cane yield and sucrose yield, 
and among the juice related traits, sucrose concentration, juice purity, 
brix and sucrose. Fiber was negatively correlated to juice related 
traits. The paired traits, cane yield and cane volume, and sucrose and 
sucrose concentration appeared to be genetically identical. There was a 
positive correlation between cane yield and stalk number, stalk length,
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stalk diameter and fiber. Stalk weight was positively correlated with 
stalk length and stalk diameter. Stalk length and stalk diameter were 
also positively correlated. Stalk number was negatively correlated with 
diameter, cross sectional area and brix but positively correlated with 
fiber.
Phenotypic correlations have been been reported by Miller and James 
(1974, 1975), Hebert (1965), James (1971), Hebert and Henderson (1959), 
James and Falgout (1969), Hogarth (1971b), George (1962), Kang et al. 
(1983), Meyer et al.(1974), Tai et al. (1980) and Mariotti (1974). The 
relationships were generally similar to the genetic correlations but 
with considerable variation among the estimates.
Sugarcane repeatabilities have been reported between crops (Smith 
and James, 1969; Miller and James, 1975; Loupe et al., 1962; Kang et 
al., 1984); between locations (Kang et al., 1984; Mariotti, 1974); 
between selection stages and plot sizes (Allam et al., 1971; Hebert and 
Henderson, 1959; James 1971; Ladd et al., 1974; Miller and James, 1975) 
and various combinations of the above conditions (James, 1971; Miller 
and James, 1975).
Both Miller and James (1975), and Kang et al. (1984) results 
suggested for the Florida environment that crop effects were negligible. 
Results from Kang et al. (1984) for the correlation of the same trait 
between locations showed it varied with location pairs ie. genotype x 
location effects were evident. Stalk weight, brix and sucrose percent 
were little affected while germination, stalk number, cane yield, 
sucrose yield and sucrose concentration were more affected by genotype x 
location interaction. Mariotti's (1974) results for stalk weight and 
diameter were also little affected by location. Other traits measured
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in his study were considerably more affected by location pairs than in 
the study by Kang et al. (1984).
Trait repeatability studies between selection stages generally 
confounded the effect of plot size with genotype x environment 
interaction effects. Nevertheless, Ladd et al. (1974) and Hebert and 
Hendersons' (1959) work generally concluded that correlation between 
stages (plot sizes) were particularly poor between the seedling and 
initial small clonal plots typical in a sugarcane breeding programs. As 
plots increased in size correlations moderately increased in strength. 
There was some tendency for brix and diameter to be more repeatable than 
stalks number but this was quite cross specific. Loupe et al. (1962) 
worked with five seedling cane traits. They reported the highest 
association between crops was with stalk number with a significant but a 
weaker repeatability for diameter. The correlations of the other traits 
were positive but not significant. Allam et al. (1971) investigated the 
correlation of sucrose yield, cane yield and sucrose concentration 
between Louisiana's infield testing stage and its outfield testing 
stage. With few exceptions correlations between the stages were poor, 
illustrating the considerable role genotype x environment interaction 
plays in the appraisal of traits.
It is apparent the level of sugarcane quantitative genetic 
knowledge is less than extensive. The consensus of the few authors 
venturing an opinion is that classical quantitative genetic theory for 
diploid organisms is applicable to sugarcane. Reported values show 
tendencies among the traits but are often quite sporadic from 
investigation to investigation. Much of this is likely due to the 
diverse genetic bases and environments sampled. In several cases the
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reference population and or environments have been considerably 
restrictive. There are no reports of additive genetic correlations for 
sugarcane. Estimates of quantitative genetic parameters for Louisiana's 
limiting environment (for sugarcane) and rather unique sugarcane 
germplasm are completely lacking. Unconfounded genotype x environment 
interaction estimates are lacking for sugarcane in general, especially 
for Louisiana. It was the purpose of this study to estimate for 
Louisiana germplasm and environmental conditions quantitative genetic 
population parameters and the role genotype x environment interaction 
plays in affecting the appraisal of sugarcane genotypes.
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THE GENETIC VARIANCE STRUCTURE OF THE 
LOUISIANA SUGARCANE BREEDING POPULATION
Abstract
Narrow and broad-sense genetic variances were obtained for nine 
Louisiana sugarcane traits using parent-offspring regression and 
variance component estimation for the plantcane and first ratoon crops. 
Three progeny each from AO biparental crosses and their 28 elite parents 
were grown in five environments (year-location combinations). To 
represent clonal populations in different stages of selection, the 
population was partitioned into three subpopulations: offspring,
noncommercial parents and commercial parents. For these three 
populations, estimates of broad-sense genotype x year (GY), genotype x 
location (GL) and genotype x year x location (GYL) interaction variances 
were obtained. Narrow and broad-sense heritabilities, genetic 
coefficients of variation, expected genetic gain and repeatability 
estimates across combinations of years and locations were also 
calculated.
Broad sense genetic estimates were generally concordant with 
previous studies but the additive proportion of genetic variance and 
heritabilities were found to be loxver than in these reports. 
Nonadditive genetic variance was the dominant determinant of genotype. 
This suggested the most effective cross performance prediction would use 
progeny performance data from specific biparental crosses. The GYL 
tended to be the largest source of GE variance. The results indicated 
genetic variances and sometimes genotype x environment (GE) variances 
changed with selection (differences between populations). The
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partitioned GE variance used data from the most vigorous crop of a three 
crop cycle (plantcane) and should be considered conservative. 
Sufficient genetic variance remains in the population to allow for 
satisfactory gains from selection, particularly selection within a 
cloned population. Estimates may be somewhat limited to the particular 
type of parent selection and crossing arrangement used in this study.
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Introduction
A modern breeding program is based on a foundation of knowledge of 
the underlying genetic structure of the breeding population and an 
understanding of the relative importance of genotype by environment 
interaction. Such knowledge includes accurate estimates of the genetic 
variances and covariances of traits of interest. These estimates can be 
used to increase the efficiency of the breeding program by aiding in the 
optimization of available resources, development of selection indices to 
more accurately identify desirable varieties and aid in predicting the 
most fruitful crosses (Baker, 1986; Dudley and Moll, 1969; Fehr, 1987; 
Henderson, 198A; Skinner, 1971).
Sugarcane (Saecharum sp.) is a polyploid, clonally propagated crop 
of complex interspecific origin. Although univalents are common, the 
presence of bivalents in at least some of the commercial genotypes 
suggests a cytogenetic nature approaching allopolyploidy (Bremer, 1961; 
Price, 1963). Hogarth (1968) has reviewed assumptions made in 
quantitative genetic theory and discussed potential infractions with 
reference to sugarcane. In his 1977 paper he concluded that the 
assumption of diploid inheritance may be sufficiently valid and that 
classical quantitative genetics could be successfully used with 
sugarcane.
Genetic variance estimates have been obtained for a few sugarcane 
characters from various populations throughout the world. Studies have 
been performed with breeding populations in Australia (Hogarth, 1971, 
1977; Hogarth and Cross, 1987), Brazil (Cesnick and Vencovsky, 197A), 
Fiji (Brown et al. 1968), Hawaii (Hogarth et al. 1981) and Florida (Kang 
et al. 1983; Kang et al. 198A; Miller, 1977). In no study has
unconfounded estimates of genotype x year, genotype x location and 
genotype x year x location effects been obtained. No quantitative 
genetic studies have been performed with sugarcane under Louisiana's 
limiting climate (for sugarcane) and genetically distinct population.
Parameters, such as heritabilities, genetic variances and 
covariances, and genotype x environment variances are specific to the 
population and environment from which they are derived (Falconer, 1981). 
For these reasons, genetic parameters of sugarcane clones used in the 
Louisiana breeding program were characterized for nine traits. The 
simple variance structure and associated statistics such as the genetic 
variances, heritabilities (h2) and genetic coefficients of variation are 
reported in this paper.
33
Materials and Methods
Forty biparental crosses from 28 parents were used. Three 
offspring from a previously selected progeny population (first line 
trials) from each cross were randomly selected and planted together in a 
block with 27 of the parents. One parent was not available. Use of the 
selected population was necessary to supply sufficient planting 
material.
The offspring population was obtained by following selection 
procedure and criteria given by Breaux (1972) for the development of 
first line trial material. Deviations from this procedure were slight. 
The starting population size was approximately 65,000 genotypes with no 
initial screening for resistance to mosaic virus, otherwise the 
description by Breaux (1972) was accurate.
A randomized complete block design was used with two blocks per 
test. Single row plots 1.82m long, 1.82m between rows and .67m alleys 
between plots were planted using two intact stalks of a genotype per 
plot. Two tests were planted in the fall of 1984 at the St. Gabriel 
Research Station in St. Gabriel, LA. One test was in Commerce silt loam 
soil and the other was in Sharkey clay soil. Three tests were planted 
in the fall of 1985. Two were repeated at St. Gabriel in the 
aforementioned two soil types and the other test was planted at the 
Iberia Research Station near Jeanerette, LA in Baldwin silty clay loam 
soil.
The resulting plots were studied in 1985 and 1986. The number of 
millable stalks per plot were recorded in August or September. Ten 
stalk samples were hand harvested in November or December of the same 
year. Stalks were randomly selected, cut at the ground level and topped
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at the apical meristem. The samples were weighed and the length of the
sample bundle was measured to estimate stalk length. A mean diameter of
five stalks was obtained approximately midway between the stalk base and
top; taking measurements between nodes to the nearest millimeter with no
reference to the bud groove. Each sample was milled through a
-2three-roller mill at 500 kg cm pressure. A portion of the crusher
juice was analyzed for brix (percent of the juice weight attributable to
soluble solids) to the nearest tenth of a percent by a refractometer.
Another portion of the juice was clarified with lead subacetate and
filtered with dicalcite. Pol readings of the clarified juice were
obtained using an Autopol automated polariscope. Sucrose concentration
was calculated with the pol and brix values according to the methods
described by Legendre and Henderson (1972). Cane yields were estimated
as the product of stalk number per area times mean stalk weight. The
theoretical sucrose yield per area was calculated as the product of cane
yield and sucrose concentration divided by 1000.
The traits analyzed were: sucrose yield (Mg ha ^), cane yield (Mg
ha *), sucrose concentration (g sucrose kg * cane), stalk number (stalks 
_2m ), stalk length (cm), stalk diameter (cm), stalk weight (kg), brix of
_3juice (%), and stalk density (g cm ). Density, also known as specific 
gravity, was calculated as weight per volume where: volume = length * it 
* (diameter/2)2.
Two general types of genetic analysis were performed. One used the 
additive parent-offspring relationship. The second type investigated 
the broad-sense genetic relationship of clones including the effect of 
genotype x environment interaction and selection in the clonal
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populations. Genetic analysis assumed a diploid mode of inheritance.
The parent-offspring approach assumed a simple genetic model:
a 2 = o 2 + o 2 p a e
where a^2 was the phenotypic variance, o^2 was the additive genetic
variance and o^2 was the error variance including the genotype x
environment interaction variance (a 2) and the nonadditive geneticge
variances of dominance and epistasis.
Narrow sense heritabilities (h2) were calculated on a family mean
basis by equating the regression coefficient of the midparent value on
the offspring full-sib family mean to the heritability:
b = h2 = a 2/a 2 a p
where b was the regression coefficient of midparent values on the
offspring mean and h2, a 2 and o 2 were as previously defined (Lush,a p
1940; Falconer, 1981). Three of the forty crosses were not used in the 
regression analysis due to the missing parent. The analysis adjusted
for environments (year-location combinations) and replications within 
environments prior to regression.
The additive variance of a trait was estimated as twice the 
covariance between the offspring full-sib family mean and the midparent 
value:
a 2 = 2a, . _ .\
a (mp i, o i)
where a , . _ . \ was the covariance of the midparent value of trait i(mp l, o i) *
with the full sib family mean value of trait i (Falconer, 1981).
Additive coefficients of variation (ACV) were calculated as:
ACV = a /x
a mp
where a was the additive genetic standard error and x referred to the a mp
midparent mean of a trait.
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The expected additive genetic advance (GA) was expressed as:
GA = ih2c /xP mp
where h2, and x ^  were as previously defined and was the phenotypic
standard error of the midparents. The standardized selection
differential, i, used a 10% selection intensity where i = 1.76 (Allard,
1960). GA was expressed as a proportion of the mean to facilatate
comparison between traits.
Estimation of the broad-sense genetic parameters assumed the
genetic model:
o 2 = a 2 + a 2 + a  2 p g e ge
where a2̂  was the phenotypic variance, o^2 was the broad-sense genetic
variance including additive and nonadditive genetic variance, °ge2 was
the genotype x environment interaction variance and a g2 was the error
variance. The variance estimates were obtained from a variance analysis
of offspring full-sib family means by equating calculated mean squares
to expectations and solving for the variance components (Burton and
DeVane, 1953):
o 2 = (MSG - MSGE)/reg
a 2 = (MSGE - MSE)/r ge
a 2 = MSEe
where a 2, a 2 and o 2 were as previously defined, g ge e *  J
MSG was the mean square of genotypes,
MSGE was the mean square of genotype x environment interaction,
MSE was the error mean square,
r was the number of replications in an environment and e was the 
number of environments. Each location-year combination was considered an 
environment.
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Coefficients of genetic - determination (g2) (broad-sense
heritabilities) were calculated on a full sib family mean basis for
offspring values as:
g2 = a 2/o 2 g P
where g2, o^2 and o^2 were as previously defined. Analysis was
performed for the plantcane crop (first crop) over five environments
(all year-location combinations) and the first ratoon crop (second crop)
over two environments (St. Gabriel tests planted in 1984).
Analysis was also performed on an individual basis for the
offspring and two parental groups, commercial parents and noncommercial
parents, on a subset of the plantcane data over two years (1985 and
1986) and two locations (the two soil types, St. Gabriel). This allowed
partitioning of the genotype x environment interaction variance (o 2)8e
into:
a 2 = a 2 + a 2 + a 2 ge gy gl gyl
where °gy2 was the genotype x year interaction variance, °g^2 was the
genotype x location interaction variance and °gy^2 was the genotype x
year x location interaction variances.
Genetic variability was expressed as the broad-sense genetic
coefficient of variation (GCV) and calculated as:
GCV = o /x g
where a was the broad-sense genetic standard error and x was the 8
appropriate population mean.
The expected genetic gain was expressed as:
GA = ig2o /x P
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where g2 and i were as previously defined, was the phenotypic
standard error of the appropriate population and x was the mean of the 
same population.
The components of the a 2 were used to construct intraclassge
correlations for four replicated plot testing schemes within and across 
years and locations (Allard, 1960). The schemes were:
1) within the same year and location 
r 2 = a 2 + cr 2 + a , 2 + a 2yi g gy gi gyl
a 2 + a 2 + a ,2 + a 2 + a 2/2g gy gl gyl e 
2) within the same location and over years
r. 2 = a 2 + a 21 g gl_____________________________
o 2 + o 2/2 + o 2 + a -,2/2 + a /42g gy gl gyl e
3) over locations within the same year 
r 2 = a 2 + a 2y g gy_____________________________
a 2 + a 2 + a ,/22 + a -,2/2 + a 2/4g gy gl gyl e
4) over years and locations 
gr2 = o 2
o 2 + o  2/ 2 + o 2/ 2 + o  ,2/ 4 + o 2/8.g gy gl gyi e
Where ry^2 was the broad-sense heritability obtained when testing within 
the same year and location, r^2 was the broad-sense heritability 
obtained when testing within the same location and over years, r^2 was 
the broad-sense heritability obtained when testing over locations within 
years and r2 was the broad-sense heritability obtained when testing over 
years and locations. The values of o2 , o2 , a2 and o2 n were asg gy gl gyi
previosly defined. Estimates were based upon two replications within a 
test using two years and or two locations when applicable.
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Results and Discussion
Additive Proportion of the Genetic Variance
The additive proportion of the genetic variance (a^ / a ^2) in the 
plantcane crop was low, ranging from .471 for density to .048 for stalk 
diameter (table 1). Ratios for the first ratoon crop were consistently 
larger, but still small ranging from .462 for sucrose yield to .096 for 
stalk diameter (table 2). Sucrose yield showed a comparatively moderate 
proportion in plantcane (.186) and the highest proportion in the first 
ratoon crop (.462). For both crops, cane yield demonstrated a higher 
additive proportion of the genetic variance than did sucrose 
concentration. Cane yield's proportions (Ga2/°g2) neared .30 while 
sucrose concentration's proportions straddled .18. The plantcane 
components of cane yield, stalk weight and stalk number, and the first 
ratoon stalk weight had a smaller additive proportion of genetic 
variance than did cane yield (tables 1 and 2). Stalk length had a 
relatively high proportion for both crops while diameter consistently 
had one of the lowest proportions. Density displayed a relatively large 
additive proportion (.471) of genetic variance in the plantcane crop but 
the ratio could not be calculated for the first ratoon crop due to 
negative variance estimates. Brix had a relatively high proportion for 
both crops (.226 plantcane and .300 first ratoon) compared to other 
traits.
Previous studies (Brown et al. 1968; Hogarth 1971; Hogarth 1977;
Hogarth et al. 1981) found substantially higher additive genetic
proportions than reported here. The only exception was Hogarth et al.
(1981) findings for cane volume which was similar to the a 2/a 2 ratioa g
Table 1. Additive and full genetic variances, heritablities, additive genetic coefficients of variation and
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a 2 a 1.131 122.129 15.551 .316 6.96E-3 64.912 1.39E-3 .192 7.40E-4






















































ACV .088 .105 .034 .064 .067 .035 .016 .025 .023
GAa .048 .074 .026 .020 .051 .025 .006 .020 .009
mean 12.153 105.050 114.600 8.696 1.230 226.817 2.448 17.873 1.157
§ Units in parenthesis are original units of measure.
g2 = o 2/(o 2 + a 2 + a 2). g g ge e
± standard error.
GA additive genetic advance.
Table 2. Additive and full genetic variances, heritablities, additive genetic coefficients of variation and




























a 2 a 2.800 174.065 14.751 -.156 6.23E-3 134.633 2.42E-3 .198 -1.39E-4






















































ACV .119 .114 .032 • .073 .052 .021 .024 •
GAa .089 .086 .026 • .060 .048 .047 .026 •
mean 14.040 116.166 119.995 10.879 1.070 222.618 2.338 18.473 1.120
§ Units in parenthesis are original units of measure.
± standard error.
GA^ additive genetic advance.
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for plantcane cane yield (table 1). Cane volume has been noted to be 
highly correlated to cane yield (Brown et al. 1969; Meyer et al. 1974). 
Diameter °a2/°g2 ratios for both crops demonstrated little presence of 
additive variation. Earlier studies on this trait's additive genetic 
proportions varied considerably.
The results suggest nonadditive variation plays a predominant role 
in determining genotype. Miller (1977) reported significant specific 
combining ability for all traits measured. He found no significant
general combining ability. Hogarth (1977) found epistasis was not 
important except for stalk weight and thus considered linkage 
disequilibrium not to be a problem since it affected only the 
coefficients of epistatic terms. He therefore inferred most nonadditive 
genetic variance was due to dominance. Brown et al. (1968) felt
discrepancies between broad-sense and narrow-sense heritabilities could 
be explained by disassortative mating of selected parents and possible 
irregular transmission of unpaired chromosomes without imposing 
dominance or epistasis into the model. It appears the results herein 
were relatively consistent with previous reports with respect to traits 
but it is suggested additive variation plays a less substantial genetic 
role under Louisiana environmental conditions and breeding population 
than reported in previous works.
Although the choice of parents and crosses were typical of the
breeding program, the assumption of random selection and mating of
parents was not met. The effect of these violations of assumptions on 
genetic variance estimates is unknown. Although disassortative mating 
is common in the breeding program, assortative mating is also practiced. 
Inbreeding is not considered as a problem. Use of selected parents may
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bias estimates of additive variance by inclusion of some epistatic 
variance (Hanson, 1963). Considering that the crosses and parents used 
were typical for the breeding program, these estimates, biased or not, 
may be the functional a ^ 2 and h2 of interest.
Regardless of the nonadditive genetic nature, full advantage of 
these findings would be best realized by selected use of biparental 
crosses. Cross evaluation should be based upon progeny performance 
data. The clonal nature of sugarcane propagation suggests a variance 
estimate in addition to the mean of each full-sib family would be useful 
in evaluating a cross since a high likelihood of producing offspring of 
extreme value in the desirable direction would constitute a desirable 
cross.
Heritability and Degree of Genetic Determination
Except for sucrose yield, narrow-sense heritability estimates (h2) 
of traits were rather similar in both crops (tables 1 and 2). The .098 
plantcane heritability of sucrose yield was approximately half the first 
ratoon value of .182. Plantcane heritabilities for cane yield, sucrose 
concentration, stalk number and stalk weight varied from .163 to .187 
(table 1). First ratoon heritabilities of the same traits were somewhat 
greater, with cane yield h2 = .186, sucrose concentration h2 = .222, 
stalk number h2 = .270 and stalk weight h2 = .212 (table 2). In both 
crops, brix had relatively high h2s with a plantcane h2 of .221 and a 
first ratoon h2 of .341. Heritabilities for stalk diameter and length, 
and stalk density were low for both crops, ranging from .048 to .070 in 
plantcane, and from zero to .084 in the first ratoon crop.
The plantcane coefficients of genetic determination were greater 
than .26 for all traits with exception to the plantcane density g2 of
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.107. Estimated g2s of sucrose and cane yield were about .32, while 
sucrose concentration and brix had g2 estimates near .39. The 
calculated g2 of stalk length was .41, while the value for stalk 
diameter was about .46. The coefficient of determination for stalk 
weight in the plantcane crop was .502 (table 1). The estimates of g2 in 
the first ratoon crop were virtually the same as the values for the 
plantcane crop (table 2). The g2 of first ratoon sucrose yield was 
less than its plantcane value (.231 and .321, respectively).
The estimated heritabilities and coefficients of determination in 
this study were generally concordant with or somewhat less than those 
reported in the literature (Brown et al., 1968; Cesnick and Vencovsky, 
1974; George, 1962; Hogarth 1971; Hogarth 1977; Hogarth et al., 1981; 
Kang et al., 1983; Kang et al., 1984; Mariotti, 1974). Specifically, 
sucrose yield, sucrose concentration, brix and diameter demonstrated 
smaller h2s and g2s than reported. Cane yield and density for both 
broad and narrow-sense estimates agreed well with previous results while 
the g2 for stalk number, and the h2s estimated for stalk weight and 
length were somewhat lower than the previous research indicated.
The tendency toward smaller estimates could result from better 
removal of genotype x environment interaction bias from the estimates 
(Comstock, 1955; Casler, 1982)i This may also explain why the aa2/°g2 
ratio was smaller than previously reported (Hogarth 1971, 1977; Hogarth 
et al., 1981). The discrepancies could also be influenced by the 
different set of environments or genetic base tested (Falconer, 1981). 
Nevertheless, the results appear quite reasonable.
The degree of genetic determination did not necessarily mirror the 
relative magnitude of the narrow-sense heritability for either crop.
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When the a 2/o 2 ratio for the traits were similar, respective g2s and 
h2s tended to mimic each other but otherwise this ratio was of little 
help. Apparently, the degree of genetic determination poorly predicted 
the narrow-sense heritability of the sugarcane traits studied under 
these environmental conditions and with this population.
Genetic Variability and the Potential for Gain
The tendency of the genetic variances and g2s for stalk weight, 
length and diameter (table 4) (one block per environment) to diminish 
with selection while the overall mean simultaneously increased, repeated 
similar trends found with sucrose yield, cane yield and stalk number 
(table 3). For all traits but brix, sucrose concentration and density 
(table 5), the largest change occurred between noncommercial parents and 
commercial parents. With brix and sucrose concentration the largest 
change occurred between the offspring and noncommercial parent stages.
Assuming selection induced these responses, then it appeared 
selection for higher sucrose concentration was more effective earlier in 
the program than was selection for greater cane yield and all its 
related components. This was likely due to the easier appraisal of 
sucrose concentration and related traits such as pithiness leading to 
differential selection.
The additive genetic coefficient of variation gave a relative 
measure of additive genetic variation in the parent population. 
Although there was a tendency for the ACV to be slightly greater in the 
first ratoon crop, both crop estimates were close (tables 1 and 2). 
Sucrose and cane yield showed the most variation while stalk weight and 
stalk number, the components of cane yield, demonstrated moderate








OFF B/ NCP CP OFF NCP CP OFF NCP CP
082 5.191±.704 6.431±2.091 2.519±1.849 350.929±48.151 419.254±136.678 119.204±93.385 2.109±.324 1.555±.540 .166±.690
CTge2 1.713±.540 .704±1.445 5.285±1.660 130.129±39.410 68.767±90.589 276.449±124.634 1.112±.239 .984±.530 2.474±.899
°gy2 .675±.217 .570±.199 -2.232±3.523 65.326±16.281 -13.017±8.053 -110.975±169.634 .239±.167 .049±.270 -.294±1.056
°gl2 -.422±.206 .821±.276 -1.174±3.419 -32.868±14.574 84.468±28.250 -18.426±162.421 -.481±.175 .179±.276 .490±1.071
°gyi2 1.544±.561 -.223±1.655 7.556±3.540 108.489±40.661 21.132±103.198 362.716±193.263 1.273±.278 .832±.629 2.343±1.243
ae2 8.115±.525 8.510±1.653 4.350±1.055 590.470±38.194 530.072±102.970 433.181±105.062 3.472±.225 2.923±.568 2.759±.669
§12 £/ .344±.047 .399±.130 .229±.168 .324±.044 .402±.131 .152±.119 .319±.049 .281±.097 .031±.126
g22 w .646±.085 .722±.235 .403±.296 .630±.083 .715±.233 .326±.255 .588±.079 .560±.194 .079±.330
GCV .222 .208 .120 .196 .194 .097 .174 .144 .044
GA .229 .231 .100 .197 .216 .066 .173 .134 .014
mean 10.267 12.192 13.327 95.406 105.729 112.858 8.337 8.667 9.216
± standard error.
A/ Units in parenthesis are original units of measure.
B/ OFF - offspring, NCP - noncommercial parents, CP - commercial parents.
C/ g^2 = °g2/(°g2 + agy2 + °gl2 + CTgyi2 + °e2 individual basis, with one replication in one environment.
D/ g92 = a 2/(o 2 + a__2/2 + a 2/4 j ; individual basis, with two replication in two environments.
—* Z. 5 5 5e e
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Table 4. Plantcane genetic and genotype by environment variances for stalk weight, stalk length and stalkdiameter over two years and two locations for offspring, noncommercial and commercial parents.
parameter
Stalk weight(kg) I/ Stalk length (cm) Stalk diameter (cm)
OFF B/ NCP CP OFF NCP CP OFF NCP CP
°g2 3.2AE-2 ±4.20E-3 3.13E-2 ±1.02E-2 1.49E-2 ±6.67E-3 215.417±28.599 248.485±80.960 124.308±56.250 2.91E-2 ±3.77E-3 1.81E-2 ±5.90E-3 7.36E-3 ±3.34E-3
°ge2 5.10E-3 ±1.2AE-3 5.23E-3 ±2.71E-3 -6.69E-4±3.69E-3 37.936±18.817 38.193±39.723 30.934±80.712 3.47E-3±9.50E-4 3.29E-3±2.43E-3 1.95E-3±3.53E-3
°gy2 2.86E-3±5.42E-A -5.19E-4 ±1.56E-3 1.63E-3 ±1.61E-3 50.129±6.579 -17.169±24.538 -62.736±41.379 1.56E-3±4.22E-4 -2.24E-3 ±1.69E-3 1.28E-3 ±1.44E-3
°gl2 1.41E-4±3.99E-4 1.21E-3 ±1.60E-3 2.20E-3 ±1.75E-3 21.613±3.056 -36.028±26.603 7.121±30.581 -6.86E-3 ±3.82E-4 1.23E-4 ±1.52E-3 6.08E-3 ±3.03E-3
agyi2 3.10E-3±1.24E-3 4.77E-3±3.27E-3 -3.22E-3±3.96E-3 -9.892±18.647 73.658±50.817 68.010±85.926 2.89E-3 ±9.86E-4 4.70E-3 ±3.10E-3 -2.96E-3±3.74E-3
ae2 1.82E-2 ±1.18E-3 1.48E-2±2.88E-2 1.52E-2±3.69E-3 287.598±18.603
230.867±44.848 331.344±80.363 1.41E-2 ±9.14E-4 1.39E-2 ±2.70E-3 1.44E-2±3.50E-3
8l2 C/ .571±.074 .606±.198 .485±.217 .381±.051 .497±.162 .266±.120 .619±.080 .523±.171 .281±.127
g22 D/ .825±.106 .832±.271 .811±.363 .725±.094 .764±.249 .558±.253 .848±.109 .779±.254 .617±.279
GCV .156 .144 .099 .066 .069 .049 .072 .055 .035
GA .208 .197 .150 .072 .086 .044 .099 .070 .033
mean 1.152 1.228 1.231 222.315 228.352 229.002 2.377 2.435 2.420
± standard error.
A/ Units in parenthesis are original units of measure.
B/ OFF - offspring, NCP - noncommercial parents, CP - commercial parents.
C/ g^2 = ag2/(°g2 + CTgy2 + °gl2 + °gyi2 + °e2 individual basis, with one replication in one environment.
D/ g72 = a 2/Cct 2 + o 2 / 2  + a 2/A ); individual basis, with two replication in two environments. ̂ & B e
Table 5. Plantcane genetic and genotype by environment variances for sucrose concentration, brix and stalkdensity over two years and two locations for offspring, noncommercial and commercial parents.
Sucrose concentration Brix Density
parameter (s sucrose kg 3 cane) A/ (%) (g cm"3)OFF B/ NCP CP OFF NCP CP OFF NCP CP
°B2 61.793+9.017 23.995±8.028 19.394±9.630 .548±.080 .342±.114 .284±.132 1.65E-3±2,97E-4 1.34E-3 ±4.73E-4 -7.34E-4 ±1.35E-2
°Be2 37.539±5.219 10.092±11.407 15.091±9.552 .331±.048 .132±.098 .131±.108 1.04E-3±7.47E-4 9.50E-4 ±1.88E-3 4.71E-3 ±6.16E-3
°BY2 10.314±4.263 4.588±4.166 -2.964±9.882 .072±.038
.164±.053 -.019±.113 2.84E-4 ±1.81E-4 -2.90E-3 ±1.68E-3 1.96E-3±1.27E-3
°Bl2 -1.273±4.055 -7.438±4.578 -7.246±10.315 -.006±.037 .014±.006 -.162±.134 -7.92E-4±2.05E-4 -2.09E-3±1.54E-3 2.02E-3 ±1.29E-3
Gsyi2 31.512±5.983 11.992±13.488 21.898±13.181 .287±.055 .013±.108 .253±.153 1.38E-3 ±7.64E-4 4.28E-3±2.55E-3 2.05E-3 ±6.12E-3
°e2 68.064±4.403 66.480±12.914 36.379±8.823 .640±.041 .558±.108 .426±.103 1.15E-2 ±7.43E-4 1.10E-2 ±2.15E-3 2.49E-2±6.05E-3
B!2 C/ .363±.053 .241±.081 .287±.143 .355±.052 .314±.104 .364±.169 .118±.021 .115±.040 •
S22 2/ .644±.087 .526±.176 .538±.267 .636±.086 .625±.208 .623±.290 .304±.042 .293±.103 •
GCV .073 .042 .037 .043 .033 .029 .035 .032 •
GA .078 .037 .035 .045 .032 .031 .021 .022 .
mean 107.463 115.348 117.975 17.133 17.930 18.129 1.167 1.155 1.184
± standard error.
A/ Units in parenthesis are original units of measure.
B/ OFF - offspring, NCP - noncommercial parents, CP - commercial parents.
C/ gj2 = CTg2/(°g2 "*■ °gy2 + °gl2 + °gyl2 + ae2 individual basis, with one replication in one environment.
D/ g y 2 = o 2/(a 2 + cr 2/2 + a 2/4 ); individual basis, with two replication in two environments.
 ̂ 5 & e
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variation. Sucrose concentration brix, diameter and density displayed
the least variation.
While genetic CVs are useful for describing the relative amounts of 
trait variability in a population, they give only a partial indication 
of the genetic potential to improve a trait. The expected genetic 
advance (GA) is the product of the selection intensity, the heritability 
and the phenotypic standard error (Falconer, 1981), and indicates
potential for genetic improvement.
On a family mean basis, for the plantcane crop, the GA for a 10% 
selection intensity in the parent population showed cane yield to
possess the most potential (.074) for additive genetic gains (table 1). 
Stalk weight (.051) and sucrose yield (.048) displayed similar prospects 
for gain. Sucrose yield, stalk number, stalk length and brix all 
exhibited about 2% GA while diameter and density had GAs less than 1%. 
Although expected GAs in the first ratoon crop (table 2) were larger 
than the plantcane crop, the trends were relatively similar with the 
exception of diameter. Sucrose and cane yield possessed the largest GAs 
(almost 9%), stalk weight, length and diameter showed moderate
expectations while sucrose concentration and brix showed the smallest 
GAs. GAs could not be calculated for the first ratoon stalk number or 
density due to negative variance estimates.
The genetic gain estimates presented here were useful relative 
measures of potential gain in a trait. They were considerably different 
than those normally reported for a breeding population. The phenotypic 
standard error was typically of an unselected population (Falconer, 
1981). The parent population in this study was highly selected
population albeit typical population of the sugarcane breeding program.
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Out of roughly 65,000 genotypes, perhaps 25 genotype will eventually be 
selected as parents, with the more elite of these (commercial parents, 
perhaps on of the 25) disproportionately represented in the crosses.
The parental breeding population typically consists of 170 or so 
genotypes from several different selection series. Nevertheless, the 
selection practiced to identify potential parents diminishes the genetic 
and phenotypic variation (tables 3, 4 and 5). Thus the phenotypic
standard error is certainly constrained in a fashion not typical for
reports of this estimate. The 10% selection intensity refers to
/selection of elite parents from the parental group. Such a high 
selection intensity of the parents is not likely in practice considering 
their previously selected nature and the rather tentative reliability of 
the yield data for some of the parents at this stage. A lower intensity 
would diminish the expected gain. The GA reported here is expressed as 
a proportion of the midparent mean. The calculated GAs are therefore 
somewhat deflated by use of the relatively high parental mean compared 
to the offspring mean.
Genotype x Environment Variation
Testing across two environments with two replications in each 
environment commonly doubled the coefficient of genetic determination 
(tables 3, 4 and 5). The largest changes were in traits with the 
smallest g2 based on an unreplicated plot value. It was clear multiple 
testing across environments can greatly enhance the power to identify 
traits.
Partitioning plantcane genotype x environment variation (o 2) as a8e
function of population type (offspring, noncommercial and commercial 
parents), one noted with sucrose and cane yield (table 3), the o 2
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tended not to be overly important except in commercial quality clones.
With these clones it explained better than twice the phenotypic
variation as did the genetic variance. For stalk number the a 2ge
dominated the commercial population genetic variance and was an
important source of variation for the less selected population (table
3). For the traits stalk weight and diameter there was a tendency for
the commercial parent °ge2 to substantially less than the
noncommercial parent population value (table 4). Sucrose concentration
and brix demonstrated a diminished °ge2 between the offspring and
noncommercial parent stages of selection (table 5) but neither stalk
length °ge2 (table 4) nor density °ge2 (table 5) showed any change
between selection stages. Selection for stalk length and density were
indirect at best, being via selection for stalk weight and against
pithiness. The a 2 was most often ascribable to a 2 (tables 3, 4 and ge gyl
5). Genetic variation decreased and the mean phenotypic value increased 
for all traits as stage of selection advanced (tables 3, 4 and 5).
Although genotypes were screened for broad environmental 
adaptability and hence selection against a 2, traits were affectedg6
differently. Since the °ge2 was mostly a result of °gy^2> genotype x 
location values varied from year to year. This suggested variable and 
possibly uncontrollable "location" or "year" effects such as local 
weather and consequent drainage, management and harvest conditions 
existed.
It is not clear whether selection under Louisiana conditions could 
effectively alter the inherent stability of a clone beyond the present 
degree of change without better characterization of desirable and 
controllable environments. Studies have not been well defined to
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identify the various combined growing conditions (soil type, management 
and weather conditions) that are particularly favorable to specific 
genotypes.
Testing within an environment, for example years, confounds the 
genotype x environment effects for that particular environment, in this 
case genotype x year effects, in the estimated genotypic value. If the 
genotype x environment effects are substantial this will bias the 
estimate. Researchers commonly base selection decisions upon data 
collected over limited time and space.
The repeatabilities calculated herein for traits measured over 
various combinations of years and locations (table 6) suggested that 
neither environments nor population play a particularly major role in 
influencing this estimate. However, these were biased estimates with 
sometimes considerable influence by °ge2* As previously noted (tables 
3, 4 and 5), the expected realized broad-sense heritability was commonly 
doubled by simply adding another year or location of testing. The 
repeatabilities (table 6) were slightly larger for stalk weight and 
stalk diameter than other traits but with exception of generally low 
repeatability for stalk density, values ranged from about .6 to .85.
Table 6. Effect of testing on intraclass correlations for two replications within years and location, over locations within years, over years within a location, and over years and locations by population for the plantcane crop.
Correlation Popu- A/ lation Sucroseyield Caneyield Sucroseconc. Stalkweight Stalkdiameter Stalklength Stalknumber Brix Density
within year within location OFF .633±.074 .625±.074 .750±.081 .809±.080 .823±.085 .658±.069 .644±.090 .738±.081 .305±.100
within location over years OFF .694±.087 .692±.084 .692±.096 .851±.102 .869±.107 .773±.085 .650±.101 .673±.096 .379±.068
within year over locations OFF .603±.090 .576±.088 .615±.095 .812±.105 .832±.111 .720±.087 .501±.103 .615±.094 .188±.067
over years and over locations OFF
.773±.105 .750±.103 .747±.109 .877±.114 .909±.118 .756±.100 .770±.118 .748±.109 .519±.094
within year and within location NCP .626±.181 .648±.180 .506±.220 .831±.216 .755±.220 .713±.227 .635±.199 .629±.177 .293±.444
within location over year NCP .729±.220 .674±.232 .610±.213 .820±.277 .738±.292 .765±.288 .553±.223 .745±.198 .025±.670
within year and over locations NCP .747±.217 .778±.215 .413±.227 .847±.270 .801±.271 .728±.291
.586±.202 .566±.202 .210±.485
over years and over locations NCP .778±.256 .787±.261 .716±.270 .901±.296 .910±.306 .928±.316 .683±.256 . 636 ±.239 1.015±.694
within year and within location CP .782±.687 .646±.544 .655±.422 .652±.303 .564±.343 .484±.349 .657±.525
.661±.443 .242±.393
within location over years CP .250±.924 .155±.756 .547±.485 .822±.355 .545±.357 .400±.432 -.101±.790 .683±.490 -.012±.271
within year and over location CP .398±.689 .381±.526 .456±.451 .840±.344 .799±.303
.637±.330 .256±.509 .450±.530 -.005±.225
over year and over location CP .834±.894 .670±.762 .823±.526 .819±.384 .508±.392 .824±.439 .089±.956
.931±.553 -.579±.509
A/ OFF - offspring, NCP - noncommercial parents, CP - commerical parents. T standard error
54
Summary and Conclusions
Selected parents, crossed in a nonrandom fashion (in the sense they 
were typical parents and crosses used in the breeding program) and 
offspring from a previously selected population were used because they 
represented the parent-offspring relationship of interest. The first 
line trials were logistically the first plots in the selection cycle 
that could be measured for yield. Although the phenotypic selection 
intensity was rather high (roughly 7%), the repeatability between single 
stools and small plot performance has been reported by previous studies 
to be rather poor. Hebert and Henderson (1959) found correlations 
between first ratoon single stools and 1.5m plantcane clonal plots of 
.54 for stalk diameter, .48 for brix and .33 for stalk number. 
Therefore, the progeny population in this experiment was probably not as 
genetically altered as suggested.
The additive proportion of the genetic variance was less than 
previously reported for all traits and was always less than the 
nonadditive variance. Whether this was due to better control of the 
genotype x environment variation, use of a different genetic base and 
set of environments or the methodology of the study, the implications 
point to singular use of biparental crosses. Since genetic variance is 
mostly nonadditive in nature, evaluation of a particular cross should be 
based on progeny performance. The clonal nature of sugarcane 
propagation suggests appraisal of a specific full-sib family should be 
based upon both a mean and variance estimate to take advantage of 
desirable extreme genotypes.
Heritabilities and coefficients of genetic determination were 
comparable or somewhat less than reported elsewhere. The reasons were
55
probably similar to those for deflated a 2 f a 2 ratios ie. control ofa 8
o 2, different genetic and environmental bases, and methodology 8®
differences.
The role of genotype x environment variation on the appraisal of
traits was a function of the trait and stage of selection. Commercial
sucrose and cane yields, offspring sucrose concentration and brix, and
stalk number for all populations showed substantial a 2 relative to the8e
a 2. Selection against genotype x environment variation, as evidenced 8
by decreasing °ge2 with selection, appeared trait related. It was not 
clear if such selection can be effective against all traits. Better 
delineation of specific genotype x environment combinations with the 
environment carefully defined needs to be addressed.
It was clear cane related traits responded later in the breeding 
program to selection pressures than did sucrose concentration related 
traits although it is not likely the selection pressure was evenly 
applied. It was also apparent that cane yield and its related traits 
showed more potential for genetic gains when compared to sucrose 
concentration. Overall, there appeared to be good potential for 
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GENETIC CORRELATION AND PATH ANALYSIS OF THE 
LOUISIANA SUGARCANE BREEDING POPULATION
Abstract
Additive genetic, broad-sense genetic and phenotypic correlations 
were estimated for ten traits using the Louisiana sugarcane breeding 
population. Estimates were obtained for plantcane and first ratoon 
crops. Correlations for the same trait between crops were also 
calculated. Analysis of additive genetic variation was based upon 
parent-offspring relations of three progeny from each of AO biparental 
crosses of 28 elite parents grown in five replicated environments 
(year-location combinations). The broad-sense and phenotypic 
correlations were based upon variance and covariance component 
estimates.
Broad sense genetic and phenotypic correlations between traits were 
in agreement and were generally positive. Additive genetic correlations 
in many cases were stronger and frequently of different sign than the 
broad-sense and phenotypic correlations. It was suggested that this 
disparity was due to the use of nonrandomly crossed elite parents.
To represent clonal populations in different stages of selection, 
the population was partitioned into three subpopulations: offspring,
noncommercial and commercial parents. Genotypic and phenotypic path 
coefficient analysis was performed on the three subpopulations for the 
plant cane crop. Cane yield was the major determinant of sucrose yield 
and was independent of sucrose concentration and the effect of 
selection. Stalk number was the major phenotypic determinant of cane 
yield but was genotypically similar in importance as stalk weight in
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determining cane yield. The relationships of stalk weight, stalk 
diameter, stalk length and stalk density strengthened with selection and 
in one case became negative in value. Sucrose concentration was 
somewhat more directly influenced by brix than purity.
These results suggested the relatative importance of traits may 
vary with thge stage of the breeding program but that in general 
negative correlated responses should not be a problem. It was likely 
selection strengthened relationships between traits by 




Efficient development and selection of desirable genotypes from a 
breeding population relies on an understanding of the genetic 
relationships of traits of interest and related characters. Knowledge 
of genetic and phenotypic variances, covariances, and derived statistics 
allow for prediction of progeny performance and response to selection.
Most studies with sugarcane (Saccharum sp.) have reported only 
phenotypic correlations (James 1971; James and Falgout, 1969; Ladd et 
al., 1974; Miller and James, 1975) which generally agree with reported 
genetic correlations (Brown et al., 1969; Cesnick and Vencovsky, 1974; 
Hogarth, 1971; Kang et al., 1983). Mariotti (1974) examined the genetic 
and phenotypic correlations between pairs of locations and found the 
relationships to vary with location pairs. A few investigations pursued 
the nature of correlation relationships by doing path coefficient 
analysis (James, 1971; Kang et al., 1983; Miller 1977; Miller and James 
1974). James (1971) noted the strength of a relationship may change 
with selection.
Some workers have measured the repeatability of traits between 
selection stages and have generally found stalk diameter and stalk 
weight to be the most repeatable trait (Hebert and Henderson, 1959; Ladd 
et al., 1974; Miller and James, 1975). Other trait responses were 
variable, but brix tended to be somewhat more repeatable than stalk 
number. In all traits investigated the repeatability between the single 
stool stage and the first clonal plots of the same genotypes were 
moderate to weak in strength.
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Genetic parameters are specific to the population and set of 
environments from which they are derived (Falconer, 1981). Hence, the 
majority of the published genetic correlations are of limited value to 
Louisiana's Sugarcane Varietal Improvement Program. Several of the 
investigations addressing correlations between sugarcane traits used 
rather few parents (James and Falgout, 1969; Hebert and Henderson, 1959; 
Kang et al., 1983 Miller, 1971; Miller and James, 1975) while some of 
the studies were grown under only one environment (Brown et al., 1969; 
Hogarth, 1971, Hebert and Henderson, 1959; James and Falgout, 1969; 
Miller, 1977; Miller and James, 1975). Underrepresentation of the 
expected range of environments may inflate estimates due to genotype x 
environment bias (Comstock, 1955; Casler, 1982). Limited sampling of 
population genotypes may lead to erroneous conclusions (Falconer, 1981). 
In none of these studies were additive genetic correlations estimated.
This investigation was initiated to estimate additive, broad-sense 
genetic and phenotypic correlations of the Louisiana sugarcane breeding 
population for plantcane and first ratoon crops. Path analysis was also 
performed for plantcane traits of three populations derived from varying 
levels of selection. The repeatability of traits between the plantcane 
and the first ratoon crop was also calculated.
64
Materials and Methods
The experimental material consisted of 120 progeny clones from 40 
biparental crosses of 28 parents. Twenty-seven of the 28 parents were 
planted together with three offspring from each full-sib family in five 
replicated tests. The offspring population was obtained from the 1980 
and 1981 first line trials; populations that had previously undergone 
mild selection (Breaux, 1972). This was necessary to obtain sufficient 
planting material and represented the first clonally produced genotypes 
in the normal selection cycle.
Details of the experimental design, progeny population, locations 
used in the study and the genetic variances, heritabilities and the 
potential for genetic gain of the population were reported in Chapter I. 
Data were obtained for ten traits in five tests for the plantcane crop 
and in two of the five tests in the first ratoon crop.
The ten traits analyzed were: sucrose yield (Mg ha ^), cane yield
(Mg ha ^), sucrose concentration (g sucrose kg  ̂ cane), stalk weight
_2(kg), stalk number (stalk m ), stalk length (cm), stalk diameter (cm), 
brix (% of juice by weight of soluble solids), juice purity (sucrose % 
soluble solids), and density also known as specific gravity (g cm ). 
The juice purity was calculated by methods different from its usual 
expression where: purity = sucrose conc./(brix * 10). This assumed
juice percent weight of the cane and juice extractability from the cane 
was constant for all genotypes.
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Variance and covariance analysis was applied to the data to obtain 
additive, broad-sense genetic and phenotypic variances and covariances 
for the plantcane and first ratoon crops. Additive variance (a 2) and
cl
covariance estimation employed the offspring full-sib family
mean (o) and midparent relationship (mp) in the data, (Falconer, 1981) 
where:
Ot ~  \ =  io 2.(o,mp) * a
The additive covariance of different traits was estimated as:
a(ij) (o 1, mp j) (o j, mp i)
where o ✓ _ . . v was the covariance of the full-sib family mean of(o i, mp j )  J
offspring trait i with the midparent trait j, and a , -  . . x was the(o j, mp i)
covariance of the full-sib family mean of offspring trait j with the 
midparent trait i (Becker, 1984).
Broad sense genetic variance and covariance estimates were obtained 
by equated to the variance and covariance components from the analysis 
of variances and covariances. The statistical model was: 
y = y + L + R(L) + G + E 
where y was the overall mean, L was the effect of environments, R was 
the effect of replications within environments, G was genotypic effects 
and E was the residual effects. The variances and covariances were 
estimated as:
Og(i)2 = (MSG - MSE)/re
°g(ij) = M̂CPG " MCPE^ re
where °g(^)2 was bbe broad-sense genetic variance of trait i,
MSG was the mean square for genotypes,
MSE was the mean square error,
0g(ij) W3S t*1B broad-sense genetic covariance of traits i and j,
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MCPG was the mean cross products of traits i and j ,
MCPE was the mean residual cross products of traits i and j.
The statistical model used to calculate the phenotypic variances 
and covariances was:
y = y + L + R(L) + E 
where the y, L and R(L) were as previously defined but E now included
the genetic effects. The variances and covariances were calculated as:
°p(i) 2 = MSE
o , .  . ,  = MCPE p(ij)
where ap(jj2 was the phenotypic variance of trait i,
MSE was the residual mean square,
°p(ij) WaS Pkenotypic covariance of traits i and j,
MCPE was the mean residual cross products of traits i and j.
The SAS GLM (MANOVA option) (1985) and MATRIX (1982) procedures were
used to calculate estimates.
Additive, broad-sense genetic and phenotypic correlations (r , ra 8
and r^, respectively) were calculated from the variances and 
covariances. The general form for a correlation was: 
r -
where a ,.. x was the covariance of traits i and j, and a .  and a. were the (ij) J i J
standard errors of the traits i and j. The broad-sense genetic and 
phenotypic correlation of the same trait between the 1985 plantcane crop 
and the 1986 first ratoon crop at St. Gabriel was also calculated.
Analysis was also performed with plantcane data to obtain direct 
and indirect path coefficients as described by Dewey and Lu (1959) and 
Li (1975). The relationships of sugarcane traits were multiplicative 
while path analysis required an additive cause and effect relation among
the traits (Sidwell et al., 1976). Cause and effect relationships were 
defined and the data were logarithmically transformed prior to path 
analysis to fulfill these requirements. The correlations using 
transformed data closely resembled correlations based upon the original 
data.
The path coefficient analysis was performed with plantcane data on 
the offspring population and two subsets of the parental population. 
The parental population was divided into commercial and noncommercial 
parent groups. The nine commercial parents were considered the most 
select group having progressed through the selection cycle to commercial 
status. The 18 noncommercial parents were considered less elite. Those 
genotypes did not progress through the final stages of selection; being 
dropped for commercial consideration for insufficient yield or some 
other fault. The offspring were considered the least selected 




Broad sense genetic and phenotypic correlations were generally of the 
same sign and similar magnitude for all traits (table 1). Additive 
correlations frequently differed from the genotypic and phenotypic 
correlations in sign and or in magnitude. Correlations for plantcane 
and first ratoon data were generally of the same sign but the first 
ratoon values tended to be smaller than the plantcane values.
Sucrose yield exhibited strong positive correlations with cane 
yield for both crops with all values greater than .9. Progressing from 
r^ to r^ to ra» correlation between sucrose yield with both stalk weight 
and diameter strengthened for both crops. Sucrose yields and stalk 
number were rather strongly correlated, especially in the additive 
plantcane correlation. First ratoon correlations of characters with 
stalk number and density could not be computed due to negative variance 
estimates for these traits. Brix displayed rather weak correlations 
with sucrose yield with the phenotypic correlation being the strongest. 
Stalk density showed no strong correlations with any trait, for any crop 
or any correlation type.
Purity exhibited rather strong correlations with sucrose 
concentration and brix. Additive correlations with purity were 
frequently strong and rather different than the genetic and phenotypic 
correlations. Very strong to moderate negative additive correlations 
between plantcane purity and cane yield, stalk weight, stalk diameter, 
stalk length and stalk number were calculated. First ratoon purity, on 
the other hand, showed moderate positive additive correlations with
Table 1. Additive, genetic and phenotypic correlations for plantcane and first ratoon crops A/.
\ Plant- First\ caneRatoon\ correlation
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A/ Phenotypic and genotypic correlations based on offspring family means. * p  ̂ .05, ** p  ̂ .01
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sucrose and cane yield although purity and diameter exhibited a mild 
negative correlation.
Stalk number, stalk diameter, stalk length and stalk weight were 
generally positively correlated with cane yield. The additive 
correlations were commonly stronger than the genetic or phenotypic 
correlations for these traits.
Sucrose concentration was strongly correlated to brix and purity 
but rather weakly correlated to sucrose yield. Negative additive 
correlations between sucrose concentration and stalk weight, stalk 
diameter and stalk length were exhibited in the plantcane results.
Stalk weight correlated rather well with diameter and stalk length 
for both crops. The additive, genetic and phenotypic correlations 
between stalk weight and diameter were similar for both crops. The 
additive correlation between stalk weight and stalk length was stronger 
than the genetic or phenotypic correlations.
In both crops, mild additive correlations between stalk length and 
stalk density were displayed. Except for sucrose concentration and 
purity, most correlations with brix were rather weak. Two exceptions to 
this were negative additive correlations between brix and stalk weight 
and between brix and stalk length in the plantcane crop.
Correlation between Crops
Except for stalk density in all crops, and the commercial 
population stalk diameter and purity, all phenotypic correlations were 
significant between crops (table 2). In all cases, the genetic 
correlation was larger than the phenotypic correlation. Except for the 
genetic correlations of stalk diameter, the phenotypic correlations of 
stalk length, and both correlation types of stalk density, correlations





















OFF Genotypic .809 .764 .808 .731 .825 .792 .776 .779 .160 .812
Phenotypic .546** .556** .563** .581** .641** .646** .518** .549** .028 .481**
NCP Genotypic .647 .594 .669 .561 .814 .758 .841 .679 .113 .565
Phenotypic .457** .482** .399** .467** .571** .489** .621** .466** .024 .481**
CP Genotypic .513 .417 .875 .522 .796 .795 .650 .932 .676 .607
Phenotypic .371* . 352* .402* . 404* .503** .335 .445** .446** .036 .235
A/ OFF - offspring, NCP - noncommercial parents, CP - commercial parents. 
* p S .05, ** p  ̂ .01.
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between crops of the offspring population were the strongest of the 
three populations. The noncommercial parent population consistently
displayed stronger corresponding correlations than the commercial 
populations. The correlations tended to be quite similar among the 
traits within a correlation type and a population. Cane yield and stalk 
number tended to be slightly less repeatable than other traits while 
stalk weight, sucrose concentration and brix tended to be somewhat more 
repeatable than the other traits.
Path Analysis
The path diagram showed the cause and effect relationships among 
the traits considered (figure 1). The traits and their relationships 
were subjected to path analysis by population to compare the relative 
influence of traits between themselves and relationship differences 
between populations.
The effect of cane yield and sucrose concentration on sucrose yield 
clearly displayed that cane yield dominated sucrose concentration in 
determining the sucrose yield (table 3). This relationship was 
apparently the same in all populations. There was some suggestion in 
the phenotypic direct effects that cane yield gained slightly in 
importance while sucrose lost slightly in importance in direct influence 
on sucrose yield when progressing from the least selected offspring 
population to the most selected commercial population. Cane yield and 
sucrose concentration responded in independent fashion as portrayed by 
their small indirect effect values.
The relatively small indirect effect of stalk weight and stalk 
number on cane yield suggested largely independent effects of these 
traits on cane yield (table A). Phenotypically, stalk number was more
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3^1Q Purity (10)
Figure 1. Path diagram showing causal relationships of: (a) cane yield 
and sucrose concentration with sucrose yield, (b) stalk weight and stalk 
number with cane yield, (c) stalk length, stalk diameter and stalk 
density with stalk weight and, (d) brix and purity with sucrose 
concentration. P and r indicate direct path coefficient and correlation 
coefficient, respectively.
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Table 3. Phenotypic and genotypic path coefficient analysis of
plantcane sucrose yield (SPH) and its components by population.
Pathway Genotypic population A/ Phenotypic population
OFF NCP CP OFF NCP CP
SPH vs. cane yield 
Direct effect, P ^  
Indirect effect via 
sucrose conc., *23^13 
correlation, r ^
SPH vs. sucrose conc. 
Direct effect, P ^  
Indirect effect via














A/ OFF - offspring, NCP - noncommercial parents, CP - commercial
parents.
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Table 4. Phenotypic and genotypic path coefficient analysis of
plantcane cane yield (TCH) and its components by population.
Pathway Genotypic population A/ Phenotypic population
OFF NCP CP OFF NCP CP
TCH vs. stalk weight
Direct effect,
Indirect effect via
stalk number, r.,-Poc A5 25
correlation, r^
TCH vs. stalk number 
Direct effect, P^^ 
Indirect effect via 














A/ OFF - offspring, NCP - noncommercial parents, CP - commercial
parents.
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influential in determining cane yield than was stalk weight. Except for 
the commercial population, this observation was also true for the 
genetic relationships. The difference in relative influence was less 
between genetic coefficients than between phenotypic coefficients. The 
effect of selection as evidenced by the differently constrained 
populations was not apparent in the phenotypic relationship. The 
genotypic relationship suggested stalk weight was more important in the 
commercial population than in the other two populations.
The relationship between stalk weight and the traits stalk length, 
stalk diameter and stalk density suggested that stalk diameter had the 
greatest direct influence on stalk weight (table 5). Indirect effects 
tended to be secondary and usually unimportant influences in the 
offspring and noncommercial parent populations. Indirect effects were 
generally important in determining the commercial population 
correlations. The genetic correlation between stalk length and stalk 
weight increased with selection. Although this relationship was 
somewhat weakened by an increasingly negative indirect influence of 
stalk density, a strong positive indirect influence by diameter almost 
equaled the direct influence of length in the commercial population. 
The phenotypic direct effect of stalk length on stalk weight increased 
with selection as did the negative indirect effect of stalk density. 
The positive indirect effect of diameter strengthened with selection but 
was of little importance. Diameter indirectly influenced stalk weight 
with a positive effect via stalk length and a negative effect via stalk 
density. Both indirect effects strengthened with selection. The 
indirect effect of stalk length was stronger than the indirect effect of 
density. Direct positive effects of stalk density on stalk weight
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Table 5. Phenotypic and genotypic path coefficient analysis of









MSTWT vs. stalk length
Direct effect, P., 46 .457 .500 .522 .529 .557 .755
Indirect effect via
stalk diameter, r,7P,, 67 47 .146 .102 .580 .081 .027 .176
stalk density, r^gP^g .044 .063 -.067 -.002 -.019 -.400
correlation, r., 46 .647 .665 1.035 .608 .565 .531
MSTWT vs. stalk diameter
Direct effect, P.-, 47 .784 .805 .767 .843 .873 .861
Indirect effect via
stalk length, r^P^g .085 .063 .394 .051 .018 .154
stalk density, ^gP^g -.024 .067 -.278 -.184 -.196 -.323
correlation, r^ .845 .801 .883 .710 .695 .692
MSTWT vs. stalk density
Direct effect, P/0 48 .202 .212 .178 .485 .511 .763
Indirect effect via
stalk length, rggP^g .100 .149 -.195 -.001 -.336 -.394
stalk diameter, r^gP^^ -.095 .254 -1.200 -.320 -.021 -.364
correlation, r/0 48 .207 .107 -1.217 .164 .154 .005
A/ OFF - offspring, NCP - noncommercial parents, CP - commercial 
parents.
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increased with selection but were negated in the phenotypic 
relationships and more than offset by negative indirect genotypic 
effects of stalk length and stalk diameter. It was rather clear 
correlations between all the traits involved in this relationship 
strengthened as selection increased from the offspring population to the 
commercial population.
The value of sucrose concentration was more directly influenced by brix 
but the direct influence of purity was still quite important (table 6). 
Indirect effects with both traits were considerable, demonstrating the 
strong correlation between purity and brix. Brix exhibited a somewhat 
larger direct effect in more selected populations (commercial 
population) than in less selected populations (offspring population) 
while purity showed a mildly depressed direct effect with selection. 
The indirect effect of brix via purity in influencing sucrose 
concentration decreased with selection. The indirect effect of purity 
via brix in influencing sucrose concentration did not clearly change 
with selection. Correlations between brix and sucrose concentration and 
between brix and purity remained strong and apparently did not change 
with selection.
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Table 6. Phenotypic and genotypic path coefficient analysis of
plantcane sucrose concentration and its components by population.
Pathway Genotypic population A/ Phenotypic population
OFF NCP CP OFF NCP CP
Sucrose conc. vs brix
















Sucrose conc. vs purity
Direct effect, P^ jq 
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The genetic and phenotypic correlations mirrored each other rather 
well with a slight tendency for the genetic correlation to be larger 
than the phenotypic correlation. Kang et al. (1983) reported similar 
results. This suggests environmental influences on trait relationships 
were not particularlly stong in this study.
The strong relationship between sucrose yield and cane yield as 
evidenced by strong correlations (table 1) and the major direct effect 
of cane yield on sucrose yield (table 3) were consistent with Brown et 
al. (1969) reported correlations. Kang et al. (1983) found a 
considerably weaker relationship between sucrose and cane yield, and a 
stronger correlation between sucrose yield and sucrose concentration. 
They also found a stronger direct influence of sucrose concentration on 
sucrose yield than reported here.
Kang et al. (1983) reported stronger negative correlations between 
stalk length and stalk weight, stalk diameter and sucrose concentration, 
and stalk number and stalk diameter. They found a mild negative 
correlation between stalk number and stalk weight while we found no 
relationship except for a moderate positive additive correlation in the 
plantcane crop. Cesnik and Vencovsky (1974) estimated stronger genetic 
correlations between stalk length and stalk diameter, stalk weight and 
stalk diameter, and stalk diameter and brix. Miller and James (1974) 
reported a moderate negative phenotypic correlation between stalk number 
and stalk weight while we found no relationship. Their reported 
correlations between stalk number and the traits density and stalk 
length were weakly negative. Correlations reported here between these
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traits were weakly positive. A stronger correlation was found here 
between cane yield and the traits: stalk number, stalk length and stalk 
weight than by Miller and James (1974). Other correlations were 
relatively similar in sign and magnitude to those reported here.
Additive correlations have not been reported for sugarcane. In 
several cases the observed correlations were considerably different in 
sign and magnitude than the calculated genotypic and phenotypic 
correlations. The nonadditive genetic variance of this population was 
considerably larger than the additive variation (chapter I). This 
suggested a substantial percentage of the genetic correlation was due to 
nonadditive genetic relationships and may explain some of the 
discrepancies.
Dissimilarities between the correlation estimates reported by Kang 
et al. (1983) and those given here may have been partially due to the 
different plot sizes used. A missing stool of cane can greatly inflate 
the variance of stalk number and the resulting .sucrose and cane yield 
estimates when based on a small plot. Kang et al. (1983) used large 6m 
x four row plots while this study used single row x 1.82m long plots.
Brown et al. (1969) also used small single row plots and their
correlations tended to better agree with the correlations estimated 
here. Other correlation differences could not be explained by such 
influence. Skinner (1961) observed when the same genotypes were
compared in three row versus single row (4 sett single stool) plots, the 
genetic variance of yield was greatly increased by competition in the 
single row plots. Sucrose concentration and most other traits were 
little influenced. Hogarth (1977), however, concluded that while
competition was an important influence it shouldn't influence genetic
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estimates of variance. It was therefore unclear if competition will 
affect the influence one trait displays over another.
Differences in genetic base could easily explain many 
dissimilarities between studies. Most tropically grown sugarcane 
genotypes contain a larger proportion of Saccharum officinarum germplasm 
than the genotypes grown in Louisiana. As previously mentioned, several 
of the investigations used a rather limited selection of genotypes in 
their studies. Kang et al. (1983) study was based upon only two 
crosses. A few studies have looked at the relationship of traits as a 
function of cross (James and Falgout, 1969; Hebert and Henderson, 1959; 
James, 1971). Differences in relationships between traits commonly 
varied with the crosses.
Comparison of the three populations in this study confirmed the 
influence of genetic base on relationships. The correlations between 
stalk number, stalk weight, stalk diameter, stalk length and stalk
density increased as the population was subjected to selection. James
(1971) noted selection could alter the relative magnitude of influence 
characteristics invoked upon cane yield. This strongly suggested the 
variance and covariance estimates used in a breeding and selection 
program of a clonally propagated crop should be derived from stages of 
the program to which they will be applied.
The correlation of traits between the plantcane and the first 
ratoon crops further strengthened the importance of defining the
population studied. The obvious trend of decreased repeatability 
between crops of selected populations likely resulted from a 
constraining of the population's variance due to selection. Less
variation and covariation presumably resulted in lower correlations.
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The correlation between crops of brix was somewhat less than reported by 
Miller and James (1974) and by Hebert and Henderson (1959) while the 
correlation between plantcane stalk number and first ratoon stalk number 
was slightly greater. Contrarily, Smith and James (1969) obtained 
correlation for brix less than reported here. Their correlations for 
stalk number were similar to those reported herein. Correlations for 
stalk diameter were quite similar to those earlier reported.
The calculated correlations between crops confounded genotype x 
year effects in the estimate. Kang et al. (1984) found the genotype x 
crop effects (confounded with genotype x year effects) to vary with 
location and were often considerable. This was congruent with the 
findings (chapter I) that genotype x year x location effects were 
usually the largest source of genotype x environment interaction. The 
confounding effects could possibly inflate the repeatability estimates.
The estimated genotypic and phenotypic correlations refer to the 
offspring population (table 1) which represented sugarcane clones early 
in the selection cycle. Except for some weak negative correlations 
between diameter and stalk number, correlations were generally positive. 
This suggested selection for most traits will have little if any 
negative effects on any other trait. The major character of interest 
was sucrose yield. Its components, cane yield and sucrose 
concentration, gave no indications of negative compensating effects in 
any population (table 1 and 3). Thus both traits can be independently 
selected without negatively influencing the other trait.
Examination of the relationships of certain traits, particularly 
between stalk weight, stalk length, diameter and density (table 5) 
suggested selection may affect the strengths and possibly the direction
8A
of correlational relationships. Although Lush (1948) and Lerner (1950) 
suggested selection for two characters in the same direction will cause 
negative change in the genetic correlation, Sheridan and Barker (1974) 
found contrary or at least conflicting results. The usual genetic 
assumption of random selection and mated parents was far from correct in 
this study. The estimated covariances between the selected parent 
population and a relatively unselected offspring population were 
apparently affected. Global conclusions were difficult to draw but in 
many cases the additive relationships strengthened and became negative. 
It was conceivable selection played a hand in these results.
The purpose of this study was to explore the genetic relationships 
of Louisiana sugarcane traits and to provide estimates of the genetic 
variance-covariance structure to be used in developing selection indices 
and in cross prediction. The selected nature of the parents, crosses 
and offspring were typical to the sugarcane breeding program and the 
relationships of interest. This may limit comparison to genetic 
variance estimates obtained under the classic assumptions of random 
mating and parental selection. These results may also be limited to 
uses within the breeding program and to situations for which they 
specifically apply. Their utility and accuracy can only be tested by 
application and measurement of their effectiveness of modeling.
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IMPLICATIONS TO THE LOUISIANA SUGARCANE BREEDING PROGRAM
The genetic and genotype x environment variances of a breeding 
population may ultimately be employed to estimate genetic gain per cycle 
of selection, per unit of time or per unit of cost. Trial and error 
manipulations of testing schemes using different numbers of years, 
locations, replications and modifications of selection criteria may 
identify more efficient selection methodologies. Comparison of gain per 
year or cost for different selection schemes is typically employed to 
measure efficiency. Increasing the gain per cycle of selection usually 
requires more extensive testing and data collection. The largest 
possible gain per selection cycle seldom equates to the greatest gain 
per year or dollar (Fehr, 1987).
The progression of the Louisiana Sugarcane Variety Improvement 
Program as currently practiced is provided (table 1). The period 
between recombination of parental genotypes and selection and 
recombination of their most desirable progeny currently requires at 
least eight years and is commonly longer in the Louisiana Sugarcane 
Variety Improvement Program. The time period from cross to release of 
commercial varieties is fourteen years. Both of these cycles, from 
cross to parent identification and recombination, and from cross to 
varietal release, encompass the goals of commercial varietal 
development. The former cycle includes both commercial and 
noncommercial genotypes and thus employs genotypes not exclusively 
contained in the commercial breeding population. The length of these 
cycles is a direct function of the time to collect adequate data for 
genotype appraisal. The need to clonally increase plant material and to
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Table 1. Outline of the Louisiana Sugarcane Variety Improvement Program. A/
Year Test stage Planted Selection criteria and sub stages B/ No. No. reps. loc.
Approx. Plot number of size C/ genotypes
1 1 stool 75,000
1 1 lr 1.82m 5,000
1 1 lr 4.57m 1,000
1 1 lr 4.57m 300
2 3 3r 4.57m 80
2 2 3r 4.57m 40
2-3 3 3r 4.57m 20
2-3 3 3r 4.57m 12
3 13 3r 9.75m 4
3 13 3r 9.75m
3 13 3r 9.75m


























(a) overwinter, ratooning ability, rating for agronomic type and performance D/ brixrating for agronomic type and performance brixrating of 2nd Line plant cane and 1st Line first ratoon for performance stalk counts of 2nd Line plant cane pith, tube, lodging, disease or insect res. sucrose concentrationstalk counts of 2nd Line first ratoon and sucrose concentration (a) sucrose yield, sucrose concentration disease and insect resistance (a) sucrose yield, sucrose concentration, fiber, disease and insect res., broken stalk counts(a) sucrose yield, sucrose concentration, fiber, disease and insect resistance, broken stalk counts(a) sucrose yield, sucrose concentration, fiber, disease and insect resistance, broken stalk counts(a) sucrose yield, sucrose concentration, fiber, disease and insect resistance, harvestability (a) sucrose yield, sucrose concentration, fiber, disease and insect resistance, harvestability (a) sucrose yield, sucrose concentration, fiber, disease and insect resistance, harvestability (a) sucrose yield, sucrose concentration, fiber, disease and insect resistance, harvestability
A/ Concurrent USDA program was not considered.B/ Each stage is a new test, each letter within a stage is a selection step.Selection criteria include ratoon data from previous tests.C/ lr - single row, 3r - three rows.D/ Rating for agronomic type involves subjective appraisal of genotype for stalk number stalk length, stalk quality, pithiness, lack of tube, erectness, plant habit, insect resistance.
, stalk diameter, and disease
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appraise ratooning ability lengthens the selection cycle. But unlike 
many crops where appraisal data of genotypes or progeny performance may 
be collected in a single season or test, the appraisal and selection of 
the most desirable clones involves a serial progression of independent 
tests and selection stages within a test. Inspection of table 1 
indicates large initial population reductions but a reduced rate of 
rouging by the infield phase of selection. Increasingly ineffective 
subjective appraisal by the infield testing stage necessitates increased 
quantitative data collection and analysis. Unfortunately, the power of 
these tests is poor.
Based on the results of this study it may be concluded that cane 
yield and its components are not being exploited to the same degree as 
sucrose concentration during early stages of the selection cycle. 
Whereas sucrose concentration and to a smaller degree stalk weight, may 
be adequately measured with ten stalk samples, cane yield and its major 
component, stalk number, require entire plots to estimate these traits. 
Although the consensus in sugarcane breeding circles is that sucrose 
concentration is more heritable and less influenced by genotype x 
environment interaction than cane yield, these contentions were not 
conspicuously upheld by this study. The most common type of genotype x 
environment interaction was genotype x year x location interaction. 
This suggested to a large degree testing across locations may be 
substituted for testing across years. Earlier and increased replicated 
testing across locations would very likely shorten both cycles or at 
least improve the accuracy of predictions and advancements. Inspection 
of the equation for genetic gain (GA) clarifies the power testing across
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locations or years may have over replicated testing within a single 
environment when genotype x environment interaction is suggested.
GA = io2 /(a + a /y + a ../l + a ,/yl + a /ryl)g g gy gi gyi e'
where i is the standardized selection intensity, a 2 is the genetic 
variance, a is the genetic standard deviation, a is the genotype xg gy
year standard deviation, y is the number of years tested, a  ̂ is the 
genotype x location standard deviation, 1 is the number of locations 
tested, °gy-L the genotype x year x location standard deviation, oe is 
the standard error and r is the number of replications in each test.
It is the opinion of the author that in the infield stage the
increased precision of cane yield estimates based upon machine harvested 
and weighed plots are at the expense of the greater accuracy to be 
gained by testing at multiple locations using smaller single row plots. 
Cane yields of the single row plots are estimated with stalk numbers and 
hand cut stalk samples weights.
The program may be further strengthened by replication of the 
second line testing stage, preferably across different soil types or 
locations. Concern was expressed in this study about the accuracy of 
cane yield estimates based upon 1.82 meter length single row plots as
used in the first line trials. A plausible approach that should be
tested is whether lengthening the plots to three meters by using four 
stalks of cane rather than two would increase the accuracy of cane yield 
estimates, better express the characteristic cane distribution of
genotypes within the row yet still be logistically manageable in the 
program.
As mentioned earlier, an inner cycle of parental identification is 
maintained within the commercial breeding program. The long term and
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short term health of the program relies upon accurate parental data. 
Although many parental genotypes fail to meet all commercial standards, 
they frequently possess exceptional character value. Any genotype that 
progresses to the infield stage of selection is in the top 0.05% of the 
original progeny population and by definition an elite clone.
For the next generation's benefit and more accurate appraisal of 
experimental clones all replicated tests should be completely harvested 
regardless if a genotype is a candidate for advancement or not. This is 
particularly important in the outfield tests due to their extreme elite 
status. At present all plots are not harvested and consequently the 
parental data base is frequently incomplete.
As effective as parental data can be to predict the best crosses, 
this study demonstrated Louisiana sugarcane yield traits to be 
predominately controlled by nonadditive genetic influences. The 
implications of these findings is straightforward. Accurate cross 
evaluation must be based upon progeny performance data to achieve 
maximal results.
The ultimate goal of testing and data collection in the breeding 
program is prediction of future performance. This is true whether it's 
prediction of cross performance, the performance in the next testing 
stage or commercial production performance. The estimation of the 
degree of genetic relationships between traits and production periods 
with variance and covariances are attempts to measure unvarying or 
predictable relationships. A statistical and genetic tool to increase 
the power of prediction of the most desirable genotypes is the selection 
index (Baker, 1986). The index may successfully implement the genetic 
variances and covariances, the phenotypic variance and economic weights
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in such a fashion to potentially improve the efficiency of a breeding 
program.
An extension of the selection index for prediction is the use of 
mixed models and best linear unbiased predictions (BLUP). Mixed model 
analysis adjusts for fixed effects and may further incorporate 
information from relatives by use of a genetic relationship matrix 
(Henderson and Quaas, 1976). It is a potentially more powerful method 
than the usual selection index. Henderson (1975a, 1975b, 1977, 1984) 
has successfully implemented its use in the dairy industry for the 
prediction of milk production based upon sire progeny performance data. 
The extension to a plant breeding program is direct. The key to its 
successful implementation is (1) accurate parental and progeny 
performance data and (2) accurate genetic variance and covariance 
estimates. The purpose and results of this study was to acquire the 
second objective. Integrating the use of BLUPs into the breeding 
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GENERAL CONCLUSIONS
Knowledge of the underlying genetic structure of a breeding 
population is the key to finding its most efficient form of development. 
The fundamental units of this structure are the genetic variances and 
covariances. Limitations of their use are not only defined by the 
population and set of environments from which they were derived but also 
the magnitude and form of interaction between the genotypes in the 
population and their environments.
The estimated additive and broad-sense genetic variances suggest 
that for most traits in the Louisiana sugarcane breeding population, 
nonadditive genetic variation controls genotype expression. Although 
other studies implicated the importance of nonadditive effects, this 
study accentuates those observations. Given these results and the 
clonal nature of sugarcane propagation; cross evaluation should be based 
upon progeny performance data. These data should include both the mean 
and variance estimates of the progeny population to enable prediction of 
the likelihood of exceptional clonal performance.
The heritabilities (h2) and coefficients of genetic determination 
(g2) expressed here further exemplify the nonadditive genetic nature of 
most sugarcane traits. They did, however, show there was sufficient 
additive determination for useful cross prediction using parent values. 
The genetic variation available coupled with the heritability showed the 
potential for adequate additive genetic gain. Considerably greater 
genetic potential existed for clonal selection.
The nonrandom nature of the parents and their crosses, together 
with the slightly selected offspring population possibly modified the
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covariance relationship between parents and their offspring from the 
usual relationship when randomly selected and crossed parents and 
randomly selected offspring were used. The use of elite parents 
increased the theoretical potential for epistatic bias in the additive 
genetic variance estimate. Given the relatively smaller than previously 
reported CTa2/°g2 ratios, this bias was not suggested. It is conceivable 
the selected nature of the parents constrained the additive variance of 
the parents and lowered the covariance between parent and offspring.
Although this study attempted to eliminate genotype x environment 
interaction (GxE) bias from the estimates, the range of environments may 
still have been somewhat restricted. Correlation estimates for 
plantcane testing over various combinations of years and locations 
showed these biases were not obvious in any population or combinations 
of environments. There were only mild differences between traits in 
these estimates. Nevertheless, the estimates of genotype x year, 
genotype x location and genotype x year x location interaction suggested 
these interactions, especially the three way one, can invoke 
considerable bias. This may especially be true considering GxE 
estimates were based upon the plantcane crop, the most vigorous crop and 
least likely to be influenced by environmental effects. The influence 
of GxE was shown to vary with the population, particularly in the case 
with sucrose and cane yield. This leads to the commonly accepted 
conclusion that varietal testing must be performed across a set of 
environments unless the influencing environmental effects are identified 
and controlled.
Broad sense genetic and phenotypic correlations were generally 
concordant and positive. This suggested independent selection for at
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least the commercially important traits of sucrose yield, cane yield and 
sucrose concentration, will not lead to decreased value in any other 
commercially important trait studied. Genotypic and phenotypic path 
analysis were generally in agreement. Path analysis of the traits 
affecting stalk weight (stalk diameter, stalk length and stalk density) 
indicated relationships among these traits strengthened with selection. 
For the commercially important traits (sucrose yield, cane yield and 
sucrose concentration) this was not found.
It was difficult to appraise the value of the sign of additive 
genetic correlation estimates because they were commonly not the same 
for different crops. Additive genetic correlation estimates in several 
cases differed in sign and or in magnitude from the broad-sense genetic 
and phenotypic correlation estimates. It was suggested these 
disparities may have resulted by use and crossing of elite parent 
genotypes in a nonrandom manner, and comparison of these parents to 
mildly selected offspring.
Although the additive proportion of the genetic variance was 
somewhat lower than previously reported, the results of this study were 
in fair agreement with these investigations. Since genetic estimates 
are specific to the population, set of environments and in this case, 
the crossing system and offspring evaluation, these estimates may be of 
limited value to other researchers. The only way to gage the accuracy 
of the estimates in this study is to employ them in prediction formula 




Appendix 1. List of crosses and their parents.




730027 CP57-614 L65-069 CP61-037 CP57-614
770139 CP74-383 CP72-370 L65-069 CP66-346
770378 CP77-402 L65-069 CP65-357 CP72-355
780198 CP72-356 CP66-346 CP67-412 CP73-308
780411 CP72-370 CP73-351 CP70-330 CP74-2013
780413 CP66-346 CP73-351 CP72-356 CP75-308
790052 CP74-2013 CP77-418 CP72-370 CP75-330
790723 CP72-356 L65-069 CP73-351 CP75-361
800083 CP77-310 CP75-361 CP74-383 CP76-340
800124 CP77-310 CP77-407 L77-038
800195 CP72-370 CP66-346 CP77-310
800229 CP72-356 CP77-413 CP77-402
800230 CP75-330 CP77-413 CP77-407
800311 CP76-340 CP73-308 CP77-412
800318 CP76-340 CP77-407 CP77-413
800325 CP74-383 CP77-414 CP77-414
800326 CP77-310 CP77-414 CP77-417
800361 CP72-355 CP67-412 CP77-418
800385 CP77-414 CP67-412 CP78-304





















Seedcane of CP77-417 was not available.
Appendix 2. Plantcane mean squares over 1984 and 1985, and St. Gabriel light and heavy soil for the offspring population.
Source df Sucroseyield Caneyield Sucroseconc. Stalkweight Stalkdiameter Stalklength Stalknumber Brix Density







21.93 6.98* 4.09 6.02* 3.47
5.8621.502*1.192*1.214*0.640
2.54E-21.54E-21.11E-21.42E-21.45E-2
* p S .05; all genotype effects were significant at p S .01
Appendix 3. Plantcane mean squares over 1984 and 1985, noncommercial parent population. and St. Gabriel light and heavy soil for the
Source df Sucroseyield Caneyield Sucroseconc. Stalkweight Stalkdiameter Stalklength Stalknumber Brix Density










* p  ̂ .05, all genotype effects significant at p S .01
Appendix 4. Plantcane mean squares over 1984 and 1985, commercial parent population. and St. Gabriel light and heavy soil for the
Source df Sucroseyield Caneyield Sucroseconc. Stalkweight Stalkdiameter Stalklength Stalk Brix number Density










* p S .05, all genotype effects significant at p S .01
Appendix 5. Logrithmically transformed plantcane broad sense genetic variance-covariance matrix for
commercial parents over five environments.
Trait Sucrose Cane Sucrose Stalk Stalk Stalk Stalk Brix Purity Stalkyield yield conc. weight diameter length number density
Sucrose yield Cane yield 2.51E-2 2.22E-2 2.91E-3 8.09E-3 8.06E-5 5.47E-3 1.43E-2 1.13E-3 1.78E-3 2.46E-32.22E-2 2.14E-2 7.88E-4 7.61E-3 8.26E-5 5.85E-3 1.39E-2 -3.62E-4 1.15E-3 1.60E-3Sucrose conc. 2.91E-3 7.88E-4 2.12E-3 4.73E-4 -5.15E-7 -3.89E-4 3.81E-4 1.49E-3 6.32E-4 8.63E-4Stalk weight 8.09E-3 7.61E-3 4.73E-4 1.18E-2 3.99E-3 6.37E-3 -4.10E-3 -5.43E-5 5.27E-4 -2.56E-3Stalk diameter 8.06E-5 8.26E-5 -5.15E-7 3.99E-3 1.74E-3 1.78E-3 -3.90E-3 -6.50E-5 6.45E-5 -1.26E-3Stalk length 5.47E-3 5.85E-3 -3.89E-4 6.37E-3 1.78E-3 3.21E-3 -4.73E-4 -5.29E-4 1.40E-4 -4.08E-4Stalk number 1.43E-2 1.39E-2 3.81E-4 -4.10E-3 -3.90E-3 -4.73E-4 1.80E-2 -2.68E-4 6.49E-4 4.17E-3Brix 1.13E-3 -3.62E-4 1.49E-3 -5.43E-5 -6.50E-5 -5.29E-4 -2.68E-4 1.07E-3 4.16E-4 6.05E-4Purity 1.78E-3 1.15E-3 6.32E-4 5.27E-4 6.45E-5 1.40E-4 6.49E-4 4.16E-4 2.15E-4 2.59E-4Stalk density 2.46E-3 1.60E-3 8.63E-4 -2.56E-3 -1.26E-3 -4.08E-4 4.17E-3 6.05E-4 2.59E-4 3.74E-4
Appendix 6. Logrithmically transformed plantcane broad sense genetic variance-covariance matrix for noncommercial parents over five environments.
Trait Sucroseyield Caneyield Sucroseconc. Stalkweight Stalkdiameter Stalklength Stalknumber Brix Purity Stalkdensity
Sucrose yield 4.62E-2 4.52E-2 1.18E-3 1.59E-2 3.19E-3 9.08E-3 2.92E-2 7.65E-4 4.16E-4 3.98E-4Cane yield 4.52E-2 4.59E-2 -5.92E-4 1.62E-2 2.76E-3 1.01E-2 2.95E-2 -4.88E-4 -1.04E-4 6.08E-4Sucrose conc. 1.18E-3 -5.92E-4 1.78E-3 -4.05E-4 4.26E-4 -1.03E-3 -1.48E-4 1.26E-3 5.20E-4 -2.23E-4Stalk weight 1.59E-2 1.62E-2 -4.05E-4 2.05E-2 6.61E-3 6.82E-3 -4.31E-3 -4.77E-4 7.15E-5 4.66E-4Stalk diameter 3.19E-3 2.76E-3 4.26E-4 6.61E-3 3.32E-3 5.22E-4 -3.84E-3 2.67E-4 1.59E-4 -5.55E-4Stalk length 9.08E-3 1.01E-2 -1.03E-3 6.82E-3 5.22E-4 5.13E-3 3.25E-3 -8.27E-4 -2.07E-4 6.51E-4Stalk number 2.92E-2 2.95E-2 -1.48E-4 -4.31E-3 -3.84E-3 3.25E-3 3.37E-2 1.22E-5 -1.61E-4 1.28E-4Brix 7.65E-4 -4.88E-4 1.26E-3 -4.77E-4 2.67E-4 -8.27E-4 1.22E-5 9.58E-4 3.06E-4 -1.84E-4Purity 4.16E-4 -1.04E-4 5.20E-4 7.15E-5 1.59E-4 -2.07E-4 -1.61E-4 3.06E-4 2.14E-4 -3.87E-5Stalk density 3.98E-4 6.08E-4 -2.23E-4 4.66E-4 -5.55E-4 6.51E-4 1.28E-4 -1.84E-4 -3.87E-5 9.25E-4
Appendix 7. Logrithmically transformed plantcane broad sense genetic variance-covariance matrix foroffspring population over five environments.
Trait Sucrose Cane Sucrose Stalk Stalk Stalk Stalk Brix Purity Stalkyield yield conc. weight diameter length number density
Sucrose yield Cane yield 7.55E-2 6.51E-2
1.06E-2 3.17E-2 6.56E-3 1.80E-2 3.36E-2 3.A1E-3 7.17E-3 6.03E-A6.51E-2 6.40E-2 1.15E-3 2.91E-2 6.05E-3 1.72E-2 3.51E-2 -1.71E-3 2.86E-3 -2.62E-ASucrose conc. 1.06E-2 1.15E-3 9.A6E-3 2.66E-3 5.30E-A 7.39E-A -1.A5E-3 5.13E-3 A.33E-3 8.65E-AStalk weight 3.17E-2 2.91E-2 2.66E-3 3.26E-2 1.08E-2 9.63E-3 -3.A8E-3 A.08E-A 2.26E-3 1.36E-3Stalk diameter 6.56E-3 6.05E-3 5.30E-A 1.08E-2 5.01E-3 1.08E-3 -A.76E-3 8.56E-5 A.AAE-A -3.09E-AStalk length 1.80E-2 1.72E-2 7.39E-A 9.63E-3 1.08E-3 6.81E-3 7.67E-3 -1.97E-A 9.36E-A 6.5AE-AStalk number 3.36E-2 3.51E-2 -1.A5E-3 -3.A8E-3 -A.76E-3 7.67E-3 3.87E-2 -2.09E-3 6.A3E-A -1.6AE-3Brix 3.41E-3 -1.71E-3 5.13E-3 A.08E-A 8.56E-5 -1.97E-A -2.09E-3 3.03E-3 2.10E-3 A.3AE-APurity 7.17E-3 2.86E-3 A.33E-3 2.26E-3 A.AAE-A 9.36E-A 6.A3E-A 2.10E-3 2.23E-3 A.31E-ASucrose density 6.03E-4 -2.62E-4 8.65E-A 1.36E-3 -3.09E-A 6.5AE-A -1.6AE-3 A.3AE-A A.31E-A 1.32E-3
Appendix 8. Logrithmically transformed plant parent population on over rive environments. cane phenotypic variance-covariance matrix for commercial
Trait Sucroseyield Caneyield Sucroseconc. Stalkweight Stalkdiameter Stalklength Stalknumber Brix Purity Stalkdensity
Sucrose yield 1.14E-1 1.06E-1 7.79E-3 1.3AE-2 -1.20E-3 1.41E-2 9.32E-2 3.1AE-3 A.65E-3 1.65E-3Cane yield 1.06E-1 1.05E-1 1.25E-3 1.22E-2 -1.60E-3 1.39E-2 9.31E-2 -8.97E-A 2.1AE-3 1.55E-3Sucrose conc. 7.79E-3 1.25E-3 6.55E-3 1.13E-3 3.92E-A 2.38E-A 1.A7E-A 4.04E-3 2.51E-3 1.05E-AStalk weight 1.3AE-2 1.22E-2 1.13E-3 2.16E-2 6.AAE-3 8.67E-3 -9.28E-3 -6.59E-5 1.19E-3 7.60E-5Stalk diameter -1.20E-3 -1.60E-3 3.92E-A 6.AAE-3 4.00E-3 1.A3E-3 -8.00E-3 1.25E-A 2.67E-A -3.00E-3Stalk height 1.41E-2 1.39E-2 2.38E-A 8.67E-3 1.A3E-3 1.23E-2 5.25E-3 -2.86E-A 5.25E-A -6.51E-3Stalk number 9.32E-2 9.31E-2 1.A7E-A -9.28E-3 -8.00E-3 5.25E-3 1.02E-1 -8.16E-A 9.63E-A 1.A6E-3Brix 3.1AE-3 -8.97E-A 4.04E-3 -6.59E-5 1.25E-A -2.86E-A -8.16E-A 2.83E-3 1.21E-3 -2.97E-5Purity A.65E-3 2.1AE-3 2.51E-3 1.19E-3 2.67E-A 5.25E-A 9.63E-A 1.21E-3 1.30E-3 1.3AE-AStalk density 1.65E-3 1.55E-3 1.05E-A 7.60E-5 -3.00E-3 -6.51E-3 1.A6E-3 -2.97E-5 1.3AE-A 1.26E-2
Appendix 9. Logrithmically transformed plantcane phenotypic variance-covariance matrix for noncommercial
parent population on over rive environments.
Trait Sucrose Cane Sucrose Stalk Stalk Stalk Stalk Brix Purity Stalkyield yield conc. weight diameter length number density
Sucrose yield Cane yield 1.47E-1 1.36E-1 1.12E-2 2.68E-2 2.67E-3 I.36E-2 1.09E-1 6.79E-3 4.40E-3 7.82E-31.36E-1 1.33E-1 2.89E-3 2.44E-2 1.83E-3 1.38E-2 1.08E-1 1.97E-3 9.18E-4 6.91E-3Sucrose conc. 1.12E-2 2.89E-3 8.31E-3 2.39E-3 8.51E-4 -2.06E-4 4.93E-4 4.83E-3 3.48E-3 8.92E-4Stalk weight 2.68E-2 2.44E-2 2.39E-3 3.34E-2 1.01E-2 1.05E-2 -9.03E-3 7.73E-4 1.61E-3 2.63E-3Stalk diameter 2.67E-3 1.83E-3 8.51E-4 1.01E-2 6.37E-3 2.55E-4 -8.30E-3 4.52E-4 3.99E-4 -2.87E-3Stalk length 1.36E-2 1.38E-2 -2.06E-4 1.05E-2 2.55E-4 1.03E-2 3.33E-3 -5.59E-4 3.53E-4 -3.53E-4Stalk number 1.09E-1 1.08E-1 4.93E-4 -9.03E-3 -8.30E-3 3.33E-3 1.18E-1 1.19E-3 -7.01E-4 4.25E-3Brix 6.79E-3 1.97E-3 4.83E-3 7.73E-4 4.52E-4 -5.59E-4 1.19E-3 3.19E-3 1.64E-3 4.28E-4Purity 4.40E-3 9.18E-4 3.48E-3 1.61E-3 3.99E-4 3.53E-4 -7.01E-4 1.64E-3 1.83E-3 4.63E-4Stalk density 7.82E-3 6.91E-3 8.92E-4 2.63E-3 -2.87E-3 -3.53E-4 4.25E-3 4.28E-4 4.63E-4 8.71E-3
Appendix 10. Logrithmically transformed plantcane phenotypic variance-covariance matrix for the offspring population over five environments.
Trait Sucrose Cane Sucrose Stalk Stalk Stalk Stalk Brix Purity Stalkyield yield conc. weight diameter length number density
Sucrose yield Cane yield 2.24E-1 1.95E-1 2.89E-2 4.84E-2 5.87E-3 2.98E-2 1.47E-1 1.53E-2 1.36E-2 6.95E-31.95E-1 1.85E-1 1.07E-2 4.55E-2 6.18E-3 2.77E-2 1.40E-1 5.72E-3 4.96E-3 5.39E-3Sucrose conc. 2.89E-2 1.07E-2 1.83E-2 3.0IE-3 -2.96E-4 2.05E-3 7.71E-3 9.60E-3 8.68E-3 1.55E-3Stalk weight 4.84E-2 4.55E-2 3.01E-3 4.62E-2 1.38E-2 1.49E-2 -6.15E-4 1.43E-3 1.58E-3 3.67E-3Stalk dimeter 5.87E-3 6.18E-3 -2.96E-4 1.38E-2 8.21E-3 9.84E-4 -7.65E-3 -2.51E-4 -4.52E-5 -3.58E-3Stalk length 2.98E-2 2.77E-2 2.05E-3 1.49E-2 9.84E-4 1.30E-2 1.29E-2 1.11E-3 9.40E-4 -3.68E-5Stalk number 1.47E-1 1.40E-1 7.71E-3 -6.15E-4 -7.65E-3 1.29E-2 1.40E-1 4.32E-3 3.39E-3 1.75E-3Brix 1.53E-2 5.72E-3 9.60E-3 1.43E-3 -2.51E-4 1.11E-3 4.32E-3 5.68E-3 3.92E-3 8.17E-4Purity 1.36E-2 4.96E-3 8.68E-3 1.58E-3 -4.52E-5 9.40E-4 3.39E-3 3.92E-3 4.76E-3 7.32E-4Stalk density 6.95E-3 5.39E-3 1.55E-3 3.67E-3 -3.58E-3 -3.68E-5 1.75E-3 8.17E-4 7.32E-4 1.09E-2
Appendix 11. Logrithmically transformed plantcane additive genetic variance-covariance matrix, offspring
Trait Sucrose Cane Sucrose Stalk Stalk Stalk Stalk Brix Purity Stalkyield yield conc. weight diameter length number density
Sucrose yield Cane yield 1.13 1.14E+1 -1.99 6.29E-2 2.08E-2 4.55 5.72E-1 -1.21E-1 -6.94E-3 1.28E-21.14E+1 1.22E+2 -2.86E+1 7.89E-1 3.09E-1 5.99E+1 5.23 -2.31 -7.83E-2 1.13E-1Sucrose conc. -1.99 -2.86E+1 1.56E+1 -2.40E-1 -1.24E-1 -2.37E+1 -7.07E-1 1.70 2.67E-2 1.56E-2Stalk weight 6.29E-2 7.89E-1 -2.40E-1 6.96E-3 2.07E-3 7.24E-1 2.06E-2 -2.65E-2 -4.29E-4 1.12E-3Stalk number 5.72E-1 5.23 -7.07E-1 2.06E-2 1.27E-2 2.37E-1 3.16E-1 -6.39E-3 -3.52E-3 1.56E-3Stalk diameter 2.08E-2 3.09E-1 -1.24E-1 2.07E-3 1.39E-3 1.85E-1 1.27E-2 -1.16E-2 -2.89E-4 -3.90E-4Stalk length 4.55 5.99E+1 -2.37E+1 7.24E-1 1.85E-1 6.49E+1 2.37E-1 -2.88 -3.13E-2 1.88E-1Brix -1.21E-1 -2.31 1.70 -2.65E-2 -1.16E-2 -2.88 -6.39E-3 1.92E-1 2.75E-3 5.14E-4Purity -6.94E-3 -7.83E-2 2.67E-2 -4.29E-4 -2.89E-4 -3.13E-2 -3.52E-3 2.75E-3 5.08E-5 5.38E-5Stalk density 1.28E-2 1.13E-1 1.56E-2 1.12E-3 -3.90E-4 1.88E-1 1.56E-3 5.14E-4 5.38E-5 7.40E-4
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